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SECTION  I 
FOREWORD 

This  Is  the  final  report  for  the  work  performed  on  Contract  DAAH01-81- 
D-A002,  Task  0005,  RF  Strip! Ine  Task  for  the  period  from  15  January  1981  to 
26  February  1982. 


SECTION  II 

INTRODUCTION  AND  SUMMARY 


The  systems  requirements  for  military  hardware  have  generated  the  need 
for  custom  microwave  strip  transmission  line  devices.  To  reduce  the  manufac¬ 
turing  costs  and  enhance  the  produciblllty  of  these  devices,  It  Is  necessary 
to  generate  a  generic  production  system  of  strip  transmission  line  manufac¬ 
turing  equipment  that  emphasizes  automated  processes  and  fabrication  as  much 
as  possible. 

To  achieve  this  goal,  the  following  tasks  were  undertaken  and  are 
described  In  this  reports 

1)  An  Investigation  was  made  of  the  sensitivity  of  strip  transmission 
line  tolerances  to  establish  maximum  acceptable  values  In  a  produc¬ 
tion  environment. 

2)  An  Investigation  was  made  of  methods  of  measuring  the  dielectric 
constant  of  stripline  substrate  materials  that  would  be  suitable  for 
production  lot  testing.  The  RF  performance  of  candidate  substrate 
materials  was  also  evaluated. 

3)  Methods  were  established  for  machining,  photolithography  and 
registration. 

4)  A  method  was  developed  for  precision  lamination  of  multilayered 
stripline  circuits. 

5)  Production  techniques  were  developed  for  plated-through  holes  In 
strlpllne  substrate  materials  and  for  shell  plating  of  laminated 
assembl les. 

The  Hughes-Tucson  Process  Engineering  Printed  Wiring  Board  Department 
participated  In  the  study  In  cooperation  with  Hughes  Canoga  Park  Radar  Labora¬ 
tory  to  determine  If  RF  strlpllne  fabrication  processes  are  Interchangeable 
with  present  state-of-the-art  printed  wiring  board  fabrication  techniques. 
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The  equipment  available  for  this  study  represents  a  quality  printed 
wiring  board  facility  capable  of  producing  high  volume  polylmide  multilayers 
to  Military  Standards  (MIl-P-55110). 

Included  In  this  equipment  Is  a  CAD/CAM  computer  facility  for  making  dig¬ 
itized  machining  tapes,  a  CNC  drill  machine,  a  CNC  route  machine,  automated 
plating  lines  for  electroless  copper  and  electrolytic  copper  deposition,  a 
Riston  PC-24  printer  (Riston  Is  a  trademark  of  E.  I.  DuPont),  an  associated  . 
lamlnator,  a  resist  processor  and  stripper,  a  DEA  24-Inch  conveyorized  alka¬ 
line  etch  and  clean  system  and  a  Pasadena  Hydraulics,  Inc.,  electric  lamina¬ 
tion  press  capable  of  laminating  high  temperature  substrates.  A  complete 
listing  of  all  equipment  used  Is  given  in  Appendix  A. 

The  results  of  this  study  indicate  that  the  printed  wiring  board  facility 
can  fabricate  RF  stripline  components  If  the  shop  is  capable  of  precision  con¬ 
trol  of  all  Its  processes.  This  requires  sophisticated  chemical  analysis  sys¬ 
tem,  feed  and  bleed  chemical  add  systems  to  maintain  steady  state  bath  chem¬ 
istry,  a  highly  uniform  Intensity  output  on  the  exposure  units  for  Imaging 
resist  and  precision  measurements  of  photospeed  to  compensate  for  lot  varia¬ 
tion  In  resist.  In  addition,  the  application  of  plating  often  requires  spe¬ 
cial  fixturlng  and  anode  placement  for  through  hole  and  shell  plating  which 
are  not  routine  In  most  printed  wiring  board  facilities. 

The  Investigation  of  stripline  tolerances  and  substrate  materials  used 
both  analysis  and  measurements  of  actual  stripline  circuits.  The  analysis  of 
tolerances  and  the  physics  of  rough  surfaces  played  a  key  role  In  this  inves¬ 
tigation.  It  would  not  have  been  possible  to  relate  the  differences  in  mea¬ 
sured  performance  to  the  many  different  parameters  without  the  Insight  pro¬ 
vided  by  the  analysis. 
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SECTION  III 

STRIPLINE  CIRCUIT  SELECTION 


t 


Stripline  is  a  very  broad  general  term,  usually  referring  to  either  a 
two-layer  or  three-layer  construction,  as  shown  in  Figure  1,  where  inner  con¬ 
ductors  are  Immersed  In  a  common  dielectric  medium  and  the  structure  is 
shielded  by  a  continuous  outer  conductor.  There  are  also  variations  of  con¬ 
struction,  such  as  air  dielectric  stripline  and  microstrip,  where  the  dielec¬ 
tric  medium  is  not  uniform.  These  are  shown  In  cress  section  In  Figure  2. 

The  particular  type  of  stripline  to  be  used  is  chosen  for  a  variety  of  reasons 
but  most  important  Is  usually  1)  the  type  of  circuits  required,  such  as 
couplers,  filters,  power  dividers,  etc.,  and  2)  the  frequency  bandwidth  over 
which  the  circuits  must  ooerate. 


INNIB 

CONDUCTORS 


UNIFORM 

DIELECTRIC 

MATERIAL 


, OUTER 
CONDUCTORS 

TWO  LAYER  THREE  LAYER 

Figure  1,  Stripline  Construction  Common  Types 
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AIR 


INNER 
CONDUCTOR 
DIELECTRIC 
SUPPORT  FOR 
CIRCUIT 


AIR  DIELECTRIC  STRIPLINE 


MICRO  STRIP 


Figure  2.  Stripline  Construction  Variations 
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The  design  and  fabrication  requirements  of  the  various  types  of  strip! 1 ne 
were  carefully  reviewed.  Certain  types  of  strlpllne  circuits  are  quite  easy 
to  produce  and  do  not  have  many  critical  parameters.  Other  types  of  circuits 
have  proven  to  be  difficult  to  produce  consistently  with  the  required  perfor¬ 
mance  tolerances.  These  usually  Involve  three-layer  construction,  broad  fre¬ 
quency  bandwldths  and  tight  amplitude  and  phase  tracking  requirements  between 
the  outputs. 

Therefore,  the  efforts  of  this  program  have  been  focused  on  the  boardband, 
three-layer  strlpllne  circuit.  The  following  rationale  was  used  to  support 
the  concentration  on  the  three-layer  strlpllne  coupler: 

e  3  dB  hybrids  are  basic  circuits  for  broadband  sum  and  difference 
circuits  and  mode  formers  used  In  missile  guidance. 

e  There  is  Insufficient  coupling  In  the  two-layer  configuration  to 
fabricate  broadband  3  dB  hybrids. 

e  These  circuits  have  stringent  performance  requirements  and  have 
proven  to  be  difficult  to  manufacture. 

e  Fabrication  and  processing  data  obtained  from  three-layer  configura¬ 
tion  are  also  applicable  to  two-layer  and  other  configurations. 

The  circuit  selected  for  the  study  Is  the  3  dB,  tandem,  quadrature  coupler 
that  operates  over  the  frequency  range  of  2  to  18  GHz.  This  circuit  has  been 
developed  for  another  program  and  high  quality  artwork  was  created  from  which 
photo  masks  could  be  made. 
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SECTION  IV 

STRIPLINE  MATERIALS  SELECTION 


INTRODUCTION 

Many  types  of  excellent  stripllne  materials  are  now  available.  The 
majority  of  these  materials  are  designed  for  the  lower  microwave  frequency 
applications  where  requirements  are  less  critical  and  the  production  volume 
Is  large.  Some  materials  are  also  designed  primarily  for  commerlcal  applica¬ 
tions  and  do  not  meet  the  environmental  requirements  for  military  applications. 

The  emphasis  for  this  study  Is  on  stripllne  materials  suitable  for  use 
In  broadband  stripllne  coupler  type  circuits  that  operate  Into  the  J-band 
frequency  region  up  to  18  GHz.  The  dielectric  material  would  have  low  dissi¬ 
pation  loss,  a  relatively  low  dielectric  constant  and,  especially,  uniformity 
of  material  properties  across  each  sheet  and  from  sheet  to  sheet  of  material. 

The  stripllne  circuits  that  are  of  concern  are  for  military  applications. 
The  stripllne  materials  used  for  these  circuits  should,  therefore,  either  meet 
the  requirements  of  the  appropriate  military  specifications,  or  at  least  not 
be  Incompatible  with  the  general  requirements  of  the  specifications.  The 
materials  must  also  be  compatible  with  the  processes,  that  Is  Imaging,  etching, 
bonding,  plating,  etc.,  that  are  required  to  fabricate  the  stripllne  circuits. 

MIL-P-13949F 

MIL-P- 13949F ,  General  Specification  for  Plastic  Sheet,  Laminated,  Metal 
Clad  (for  Printed  Wiring  Boards)  is  the  military  specification  that  covers 
materials  for  stripllne  circuits.  Revision  F  of  the  sneci flcatlon  was  released 
on  10  March  1981.  This  Specification  lists  three  classifications  of  materials 
for  microwave  applications  and  requires  testing  at  10  GHz: 

•  GR  -  Glass  (nonwoven-flber)  base,  polytetrafluorethylene  resin, 
flame  resistant,  for  microwave  application.  (MIL-P-13949/7c) 
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•  GX  -  Glass  (woven-fabrlc)  base,  polytetrafluoroethylene  resin,  flam* 
resistant,  for  microwave  application.  (MIL-P-13949/9B) 

•  GY  -  Glass  (woven-fabrlc)  base,  polytetrafluoroethylene  resin,  flame 
resistant  for  microwave  application.  (MI L— P-13949/ 14) 

All  of  these  materials  are  polytetrafluoroethlylene  (PTFE)  based  with 
glass  added  to  stabilize  the  mechanical  properties  of  the  materials.  Not 
Included  are  dielectric  materials  such  as  polyolefin  and  polystyrene,  which 
have  excellent  electrical  characteristics  but  have  poor  mechanical  properties 
and  a  limited  temperature  range. 

The  Qualified  Products  List,  QPL-13949-49  dated  12  June  1981  lists  the 
following  materials: 

•  GR (MI L-P- 13949/ 7c ) 

Oak  700  Oak  Materials  Group,  Inc, 

RT/Durold  5870  Rogers  Corp. 

RT/Durold  5880  Rogers  Corp. 

•  GX (MIL— P— 13949/ 9B ) 

DIClad  527  Keene  Corp. 

Cu  Clad  250  GX  Minnesota  Mining  and  Manufacturing  Corp. 

0AK602  Oak  Materials  Group  Inc. 

•  GY ( Ml L— P— 13949/ 14) 

No  Listing 

An  examination  of  the  military  specifications  for  these  materials  showed 
that  the  tolerance  for  the  dielectric  constant  was  ^0.04.  A  tolerance  of 
^0.02  Is  considered  a  necessity  for  broadband  applications  by  most  users.  It 
was  assumed  that  the  tighter  dielectric  constant  would  also  be  necessary  to 
obtain  good  performance  for  the  circuits  tested  on  this  program.  The  tests, 
discussed  later  In  this  report,  showed  that  the  3  dB  quadrature  coupler  test 
circuit  was,  in  fact,  quite  insensitive  to  differences  in  dielectric  con¬ 
stant.  The  primary  materials  that  were  initially  considered  for  this  study 
were,  therefore,  limited  to  a  subclass  of  materials  that  are  made  to  the 
requirements  of  MIL-P— 13949F  but  have  the  tighter  tolerance  on  dielectric 
constant. 
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The  experience  In  the  first  half  of  1981  Mas  that  only  two  materials  of 
suitable  quality  In  the  desired  range  of  thickness  were  available:  CuClad  217 
made  by  3M  Corporation  and  RT/Durold  5880  made  by  Rogers  Corporation.  Both 
materials  exceed  the  requirements  of  MIL-P-13949F.  Pertinent  data  are  given 
in  Table  1.  Unfortunately,  the  materials  have  different  dielectric  constants 
and  thus  slightly  different  circuit  designs  are  required  for  each  material. 
Thus,  assuming  tight  dielectric  tolerances  are  required  for  broadband  coupled 
circuit  designs,  It  Is  not  possible  to  use  them  interchangeably.  The  circuit 
must  be  designed  for  the  specific  material  used. 

Oak  Materials  Group  and  Keene  Corporation  now  make  materials  that  are 
similar  to  RT/Ourold  5880  and  Cu  Clad  217.  The  material  was  not  available  In 
the  desired  thickness  and  tolerance  at  the  start  of  the  program  and  was  not 
Included  In  the  tests.  Material  was,  however,  purchased  and  examined.  From 
visual  examination  of  the  Oak  700  material,  It  appears  that  the  non-woven  mix¬ 
ture  of  PTFE  and  glass  Is  uniform  with  only  small  variations  of  color  across 
the  surface.  The  Keene  Corporation  material,  D1  Clad  880,  was  also  not  avail¬ 
able  In  the  thickness  and  tolerances  required.  D1  Clad  880  has  a  woven  glass 
and  a  dielectric  constant  of  2.20.  Material  that  was  purchased  and  examined 
appeared  to  have  a  very  uniform,  fine  weave  glass  cloth. 


TABLE  1.  STRIPLINE  MATERIAL  DATA 


D58S0 

CU217 

DIELECTRIC 

constant 

ilQGHl) 

5.20+0.02 

2.17  +0.02 

DISSIPATION 

FACTOR 

110  OHlI 

00009 

0.0009 

DIMSNTIONAL 

CHANGE 

AFTER  ITCH 

NOT  SPECIFIED 

2  X  10"4  CM/CM 

COEFFICIENT  OF 
THERMAL 

EXPANSION 

•  38°C) 

X  0.05  X  10"? 

Y  0.12  X  10"' 

Z  0.39  X  10*3 

X  0,030  X  10'? 

Y  0,030  X  IQ'3 

Z  0,380  X  10'3 
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The  Institute  for  Interconnecting  and  Packaging  Electronic  Circuits  (1PC) 
Is  prasently  circulating  a  proposed  standard  "Specification  for  Plastic  Sheet, 
Laminated,  Clad  or  Unclad,  for  High  Frequency  (Microwave)  Interconnections." 
This  document  contains  not  only  the  glass/PTFE  materials  but  also  polyolefin, 
cross-linked  polystyrene,  polysulfone  and  polyphenylene  oxide  (PPO).  While 
many  of  these  materials  are  not  applicable  for  most  military  applications, 
this  document,  If  adopted,  may  help  organize  the  great  variety  of  materials 
and  their  characteristics.  It  would  be  of  great  help  to  both  the  manufacturer 
and  user.  A  similar  type  of  document  on  copper  cladding  has  been  adopted  by 
the  Department  of  Defense  In  place  of  a  Military  Specification. 

COPPER  CLADDING 

The  dielectric  materials  used  for  stripline  circuits  are  typically  clad 
with  copper  foil,  although  other  types  of  cladding  are  also  available.  The 
circuit  Is  formed  by  etching  away  tha  copper  excapt  for  the  desired  circuit 
configuration.  The  copper  foil  thus  becomes  the  principal  circuit  conductor 
and  Its  characteristics  are  Important  in  obtaining  the  desired  performance. 

The  copper  must  be  a  good  conductor  to  provide  Iqw  Insertion  loss.  It  must 
also  adhere  to  the  dielectric  material  so  It  does  not  peel  during  the  etching 
and  subsequent  processing. 

The  copper  cladding  requirements  were  defined  by  MIL-F-55561B  dated 
9  May  1977,  "Foil,  Copper,  Cladding  for  Printed  Wiring  Boards,"  This  specifi¬ 
cation  has  been  supplemented  by  ANSI/IPC-CF-150E,  dated  May  1981.  This  docu¬ 
ment,  entitled  "Copper  Foil  for  Printed  Wiring  Applications,"  was  written  by 
the  Copper  Foil  Subcommittee  of  the  Raw  Materials  Committee  of  the  Institute 
for  Interconnecting  and  Packaging  Electronic  Circuits.  On  1  October  1981  this 
non-Government  document  was  approved  for  use  by  the  Department  of  Defense. 

This  standard  Is  much  more  detailed  In  engineering  requirements  than  an  ear¬ 
lier  one  (MIL— F-55561B) ,  especially  as  to  the  physical  properties  of  the 
copper. 

Two  types  of  copper  cladding  have  been  used  for  stripline  circuits; 
electrodeposlted  copper  and  rolled  copper.  Electrodeposlted  copper  Is  formed 
by  the  direct  electrodeposition  of  copper  on  to  a  moving  smooth  cathoda,  from 
which  It  Is  continuously  stripped.  Thus,  the  side  toward  the  cathode  is 
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smooth,  while  the  other  surface  Is  rough  and  therefore  adheres  to  the  dielec¬ 
tric  material.  Rolled  copper,  referred  to  as  wrought  copper  In  ANSI/IPC-CF- 
150E,  Is  formed  by  the  rolling  of  copper  Ingots.  This  copper  would  thus  have 
two  smooth  surfaces.  To  be  able  to  bond  this  to  the  dielectric,  one  side  Is 
chemically  treated  to  provide  a  rougher  surface. 

The  characteri sties  of  the  copper  surfaces  are  very  evident  from  the 
scanning  electron  microscope  photographs  in  Figures  3  through  6.  Figure  3 
shows  the  electrodeposlted  copper  at  two  tilt  angles  from  the  vertical,  0  and 
45  degrees.  The  magnification  Is  2000  times.  The  surface  Is  very  rough  and 
appears  as  stacks  of  little  balls.  The  uniformity  of  the  surface,  at  least  In 
the  sample  examined,  was  very  good.  There  was  no  discernible  difference  in 
roughness  In  various  parts  of  the  sample. 

Scanning  electron  microscope  photographs  of  a  sample  of  rolled  copper  are 
shown  In  Figure  4.  The  grain  structure  of  the  roughness  Is  much  finer  than 
the  electrodeposlted  copper.  There  was,  however,  a  noticeable  variation  In 
roughness  across  the  surface  of  the  sample.  There  were  also  very  large  grains 
appearing  randomly  across  the  surface,  as  can  be  seen  In  the  center  of  Figure  4b. 

The  outer  surface  of  the  copper  cladding  is  much  smoother,  as  can  be  seen 
in  Figure  5.  The  electrodeposlted  copper  shows  nonuniformities  that  probably 
represent  the  surface  of  the  cathode  on  which  the  copper  was  plated.  The 
direction  of  the  roll  Is  very  evident  on  the  rolled  copper  surface. 

The  copper  cladding  was  stripped,  or  pulled,  from  two  pieces  of  clad 
dielectric  material.  The  electrodeposlted  copper  pulled  off  In  a  rather  uneven 
fashion.  In  some  spots  the  copper  pulled  dielectric  material  from  the  sample. 

In  other  places,  It  came  off  rather  easily.  The  photo  of  the  electrodeposlted 
copper  In  Figure  6  was  taken  at  a  spot  where  the  copper  was  easily  removed.  An 
examination  of  the  surface  appears  to  Indicate  that  the  rough  surface  v:as  not 
deeply  pressed  into  the  dielectric  but  was  more  of  a  surface  attachment.  The 
rolled  copper,  in  contrast,  seemed  to  be  more  uniformly  attached  across  the 
surface  of  the  sample. 

The  analysis  in  the  following  section  of  this  report  shows  that  the  sur¬ 
face  roughness  of  the  copper  cladding  has  an  effect  on  the  performance  of 
stripline  circuits.  The  effects  of  surface  roughness  are  also  evident  in  the 
experimental  data  discussed  later  in  the  report. 

II 


Figure  3.  El ectrodeoos 1  ted  Copper 


bi  ROLLED  COrblA 

MAGNIFICATION  5000X 


Figure  5.  Outer  Surface  of  Copper 
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b)  ROLLED  COPPER 

MAGNIFICATION  7000X 

Figure  5,  Copper  Stripped  from  Dielectric 
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SECTION  V 

SURFACE  ROUGHNESS  OF  COPPER  CLADDING  AFFECTS  PERFORMANCE 
INTRODUCTION 

It  has  long  been  recognized  that  the  Insertion  loss  of  stnpllne  circuits 
Is  a  function  of  the  condition  of  the  surface  of  the  copper  cladding.  More 
recently  It  has  also  been  noted  that  the  surface  roughness  can  affect  other 
performance  parameters  In  broadband  couplers.  Most  noticeable  Is  a  reduction 
In  the  Isolation  that  could  be  achieved  In  broadband  couplers. 

Little  noted  experiments  conducted  by  Rehnmark^  provided  quantitative 
data  on  the  effect  of  surface  roughness.  Rehnmark  was  Investigating  methods 
of  Improving  Isolation  in  broadside  coupled,  single  section,  directional 
couplers.  Poor  Isolation  In  these  couplers  was  caused  by  unequal  phase  velo¬ 
cities  of  the  even  and  odd  modes.  He  conducted  a  series  of  experiments  and 
found  the  following: 

1)  Apparent  dielectric  constant  of  the  dielectric  material,  based  on 
velocity  of  propagation  measurements,  depends  on  how  the  copper  Is 
bonded  to  the  dielectric. 

2)  Rough  surface  of  the  electrodeposlted  copper  Increased  the  apparent 
dielectric  constant  by  10  percent  above  that  measured  with  smooth 
brass  circuits. 

3)  A  series  of  couplers  designed  to  operate  at  different  frequencies 
showed  that  there  was  no  change  In  the  effect  over  the  1  to  18  GHz 
frequency  band. 

4)  The  ratio  of  the  even  and  odd  mode  phase  lengths  was  a  function  of 
the  thickness  of  the  center  board  and  the  degree  of  coupling. 

These  test  results,  coupled  with  similar  observations  of  broadband  cou¬ 
plers  at  Hughes,  provided  the  Impetus  to  search  for  an  analytical  solution. 
The  boundary  value  problem  of  an  electromagnetic  wave  traveling  between  rough 
surfaces  and  Its  effect  on  broadband  stripline  circuits  was  analyzed  by 
Krelnheder  ^ . 
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BOUNDARY  VALUE  PROBLEM 


Barlow^  has  shown  that  two  highly  reactive  parallel  surfaces  can 

I  A) 

support  a  surface  type  wave  that  has  a  number  of  unique  properties,  wait'  ' 
solved  for  the  propagation  of  the  shielded  surface  wave, assuming  the  surface 
Impedance  of  the  boundaries  Is  highly  Inductive  and  that  the  spacing  between 
the  surfaces  Is  large.  This  analysis  uses  a  similar  approach  but  assumes  that 
the  spacing  Is  small  and  the  surfaces  are  identical. 

Consider  the  electromagnetic  wave  as  a  TM  (transverse  magnetic)  wave  pro¬ 
pagating  In  the  X  direction  between  two  parallel  surfaces,  of  Infinite  extent, 
In  the  XZ  plane  and  separated  by  the  distance  d,  as  shown  In  Figure  7. 


d  •  IAACINO  MTW1IN  SUMACH 

I  •  BIUATIVI  OlltaCTWIC  CONSTANT 
'  or  MIDIUMTMWAVI 

Figure  7.  TM  Wave 

The  problem  Is  to  find  an  expression  for  the  velocity  of  propagation,  or 
effective  dielectric  constant,  as  a  function  of  the  surface  roughness. 

The  propagation  constant,  a,  In  the  X  direction  Is 

a2  »  u2  +  k2  (1 ) 


where  u  is  the  propagation  constant  In  the  y  direction  and  k  Is  the  propaga¬ 
tion  constant  for  the  dielectric  material.  Solving  Maxwell's  equations,  for 
the  region  between  the  surfaces,  with  the  assumption  that  both  surfaces  are 
Identical  and  have  a  surface  Impedance  Zs,  gives 


18 


To  solve  for  w  It  Is  necessary  to  obtain  an  expression  for  the  surface  Imped¬ 
ance  Z$. 

IMPEDANCE  OF  A  ROUGH  SURFACE 

(c) 

- Jphe  statistically  rough  surface  has  been  analyzed  by  T.  B.  A.  Senior  . 

Senior  assumed  that  the  surface  Is  of  infinite  extent  and  obtained  by  pertur¬ 
bation  of  a  plane.  The  equation  for  the  surface  Is  taken  as  y  -  f(x,y)  with 
the  height  and  scale  of  the  variation  of  f  about  Its  mean  denoted  by  g  and  i, 
respectively,  as  shown  In  Figure  8. 


Figure  8.  Surface  Roughness  Parameters 

Since  kl  Is  less  than  unity  for  the  rough  surface  of  the  copper  cladding. 
Senior's  solution  reduces  to 


Z 


$ 


^  k2  q 

eO  wl 


2 


(3) 


'INCREASE  IN  EFFECTIVE  DIELECTRIC  CONSTANT 

The  normalized  effective  dielectric  constant  c  ^  can  be  related  to  b 
and  u  by 


*eff 


(4) 
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substituting  (3)  Into  (2) 


2 


u 


2  stf  «f  g2  k2 
n 


The  Increase  In  the  effective  dielectric  constant  due  to  surface  roughness  Is 
thus 


2^«r  92 
*  *eff  - - 3t  ' 


(6) 


Note  that  a  t  Is  not  a  function  of  frequency  and  Is  Inversely  propor¬ 
tional  to  the  distance  between  the  surfaces. 


CALCULATED  EFFECTIVE  DIELECTRIC  CONSTANT 

The  Increase  In  the  effective  dielectric  constant  for  material  clad  with 
electrodeposlted  copper  can  now  be  calculated.  Using  the  scanning  electron 
microscope  photographs  of  Figure  3  shown  In  Section  IV,  the  approximate  rough¬ 
ness  values  of  g  and  t  of  Equation  6  can  be  determined.  The  photographs  at 
0  and  45  degrees  to  the  perpendicular  help  to  give  some  perspective  to  the 
depth.  From  these  photographs  and  from  other  references  such  as  Reference  6,  e 
typical  value  of  g  would  be  0.0001  Inch  and  t  would  be  0.00025  Inch.  Fig¬ 
ure  9  shows  the  percentage  Increase  In  the  effective  dielectric  constant  as  a 
function  of  d,  the  dielectric  thickness. 

The  values  shown  In  Figure  9  are  less  than  the  10  to  15  percent  Increase, 
reported  by  Rehnmark  for  0.005  Inch  spacing  In  stripline  circuits.  He  did 
not,  however,  define  the  surface  roughness  so  a  direct  comparison  cannot  be 
made.  The  values  are  consistent,  however,  with  recent  experience  using  cou¬ 
plers  with  a  0.0075 -Inch  thick  center  board  and  0.070  Inch  ground  plane  spac¬ 
ing.  Calculations  indicate  that  to  obtain  the  observed  performance,  there  was 
an  Increase  In  effective  dielectric  constant  of  the  odd  mode  of  about  5  per¬ 
cent  compared  with  the  even  mode  for  the  tightly  coupled  center  sections. 
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INCREASE  IN  EFFECTIVE  DIELECTRIC  CONSTANT.  PEI 


□  KUECTRIC  THICKNESS,  X.OOt  INCHES 

Figure  9.  Increase  In  Effective  Dielectric  Constant  versus  Dielectric 
Thickness  for  Electrodeposl ted  Copper 

The  difficulty  of  measuring  the  surface  roughness  Is  the  great  limitation 
on  accurately  calculating  the  Increase  in  effective  dielectric  constant.  It 
Is  also  possible  that  Senior's  model  of  an  undulating,  essentially  smooth  sur¬ 
face  does  not  fully  reflect  the  Impedance  of  the  jagged,  rough  surface  of  the 
electrodeposlted  copper. 

EFFECT  OF  SURFACE  ROUGHNESS  ON  BROADBAND  COUPLERS 

Broadband  multisection  couplers  have  very  tight  coupling  In  the  center 
section.  Tight  ccupllng  is  achieved  by  using  very  close  spacing  between  the 
inner  conductors,  as  shown  In  Figure  10.  Typical  stripline  construction  has 
the  inner  conductors  etched  on  each  side  of  the  dielectric  center  board.  The 
rough  copper  surfaces  thus  face  each  other  through  the  thin  dielectric  center 
board.  The  smooth  outer  copper  surfaces  face  the  more  distant  outer  ground 
planes.  The  odd  mode,  shown  In  Figure  10,  propagates  between  the  two  closely 
spaced,  rough  inner  conductors.  The  odd  mode  thus  propagates  at  a  slower 
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Figure  10.  Even  end  Odd  Mode  Electric  Field  Configuration 

velocity  than  the  even  mode,  seeing  what  appears  to  be  an  Increase  In  effec¬ 
tive  dielectric  constant.  The  difference  In  velocity  of  the  even  and  odd  mod¬ 
es  causes  the  coupler  to  have  poor  Isolation  and  phase  characteristics. 

There  Is  an  Impedance  associated  with  each  mode.  Let  Zfi  be  the 
Impedance  of  the  even  mode  and  ZQ  the  Impedance  of  the  odd  mode.  The  cou¬ 
pling,  C,  between  the  two  Inner  conductors,  for  a  length  of  line  one  quarter 
wavelength  long,  Is 


Z.  -  Zn 

C  »  ;"‘y  7"  (7) 

e  0 

'  transmission  line  can  be  represented  by  the  lumped  constant  analogy  of 
series  Inductance,  L,  and  shunt  capacitance,  C,  as  shown  In  Figure  11.  The 
characteristic  Impedance  of  the  line,  Z,  Is 


Z 


(8) 


and  the  velocity  of  propagation,  v,  Is 


v 


1 
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Figure  11.  Lumped  Constant  Transmission  Line  Analogy 

Consider  now,  that  a  different  circuit  would  represent  the  even  and  the 
odd  modes.  If  the  L  of  the  odd  mode  circuit  were  Increased,  because  of  the 
surface  roughness,  without  a  change  of  the  capacitance,  the  impedance  of  the 
odd  mode  would  Increase  and  the  velocity  of  propagation  would  decrease.  If 
this  change  occurred  only  in  the  odd  mode  circuit,  the  odd  mode  Impedance 
would  Increase  In  relationship  to  the  even  mode.  As  can  be  seen  from  the  cou¬ 
pling,  Equation  7,  this  would  then  cause  a  reduction  in  coupling, 

The  effect  on  coupling  was  evident  In  the  test  results  presented  later  In 
this  report.  In  multisection  couplers  only  the  center  section  is  very  tightly 
coupled.  Outer  sections  are  progressively  more  loosely  coupled.  The  effect 
of  an  Increase  In  surface  roughness,  then,  is  a  decrease  in  coupling  with  the 
largest  decrease  In  the  center  of  the  frequency  band  and  only  a  small  decrease 
at  the  band  edges. 
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SECTION  VI 

MEASUREMENT  OF  DIELECTRIC  CONSTANT 
MIL-P-1 3949F  TEST  METHOD 

Appendix  A  of  MIL-P-1 3949F,  10  March  1981,  describes  the  test  method  for 
measuring  the  dielectric  constant  and  dissipation  factor  of  strlpllne  mate¬ 
rials  at  X-band.  The  title  describes  the  procedure  as  for  use  with  GR  and  GX 
laminates.  However,  It  Is  used  for  all  types  of  materials  that  are  measured 
at  X-band.  This  method  has  proven  to  be  very  useful.  The  manufacturer  and 
user  can  make  measurements  with  their  own  test  circuits,  built  to  drawings  In 
Appendix  A,  and  generally  agree  on  the  measurements. 

The  test  fixture,  built  at  Hughes  for  this  program,  Is  shown  In  Fig¬ 
ure  12.  Unclad  pieces  of  dielectric  material  are  stacked  on  each  side  of  the 
resonant  or  circuit.  The  ground  planes  are  attached  and  It  is  then  placed  In 
vice  and  pressure  Is  applied' until  1000  1 bs / 1 n ^  Is  obtained.  The  resonant 
frequency  and  bandwidth  are  then  measured.  The  dielectric  constant  and  dlssl 
pation  factor  are  computed  from  formulas  In  Appendix  A. 
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This  test  method  has  a  number  of  shortcomings  and  limitations  when 
applied  to  strlpllne  materials  for  broadband  couplers.  The  problems  are: 

1)  The  test  circuit  Is  designed  for  four  1/32  Inch,  or  two  1/16  Inch 
dielectric  sheets  for  an  overall  stack  of  0.130  £0.010.  This  puts  a 
great  limitation  on  the  thickness  of  materials  that  can  be  measured, 
even  excluding  certain  relatively  standard  thicknesses  of  material; 
for  example,  0.045  Inch  material. 

2)  The  center  board  of  the  couplers  used  as  test  circuits  for  this  pro¬ 
gram  were  0.0075  Inch  thick  with  a  teleranca  of  +0.0006  Inch.  The 
number  of  boards'used  could  thus  vary  from  15  to  20  depending  on  the 
exact  material  thickness  and  the  height  of  the  stack  used.  Since  each 
test  board  Is  2.7  by  2.0  Inches,  If  17  boards  were  used,  91.8  in*  of 
material  would  be  required.  The  standard  sheet  size  fbr  Ourold  5880 
used  for  the  test  circuits  Is  16  by  10  Inches  or  160  In*.  Thus, 

more  material  would  be  used  for  dielectric  constant  measurement  than 
would  be  available  for  circuit  fabrication. 

The  use  of  many  boards  may  also  cause  errors  resulting  from 
entrapped  air.  Measurements  on  boards  Indicate  that  they  are  not 
perfectly  flat.  Most  boards  vary  £0.0001  Inch  within  a  few  Inches. 
Variation  as  great  as  £0.0003  Inch  have  been  noted.  It  thus  appears 
possible  to  have  a  measurement  error  of  2  percent  caused  by 
entrapped  air  when  the  material  tolerance  Is  specified  at  1  percent. 

3)  The  test  circuit  measures  an  average  dielectric  constant  along  the 
1. 500-Inch  resonator  but  there  could  be  large  dielectric  constant 
variations  throughout  the  material.  Typical  broadband  coupler  cir¬ 
cuits  are  dependent  not  only  on  the  desired  dielectric  constant  but 
also  on  uniformity  of  the  dielectric  constant  across  the  wnoie  cir¬ 
cuit.  Any  variation  of  dielectric  constant  should  average  out  over 
a  very  small  fraction  of  a  wavelength.  The  test  for  uniformity  Is 
difficult  and  should  be  a  nondestructive  test  capable  of  being  con¬ 
ducted  on  the  clad  material. 

4)  The  test  circuit  Is  used  primarily  to  test  bulk  material  character¬ 
istics  and  does  not  Include  any  test  of  the  effects  of  the  copper 
cladding.  The  copper  cladding  can  have  a  number  of  effects  on  the 
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stripline  circuit  performance.  The  insertion  loss  can  be  increased 
because  of  a  lossy  surface  finish  on  the  copper.  The  copper  can 
also  cause  a  change  in  the  phase  velocity  of  the  wave  as  described 
in  Section  V  of  this  report.'  Hence,  It  is  useful  to  have  some  test 
that  will  Indicate  the  condition  of  the  copper. 

SQUARE  CAVITY  TEST  METHOD 

It  Is  evident  that  the  test  method  of  MIL-M3949F  has  a  unique  place  In 
that,  even  though  limited  In  scope,  It  Is  widely  used,  relatively  easy  to  use 
and  well  understood  by  those  who  use  It.  It  will  not  be  an  easy  test  to 
replace  and,  Indeed,  should  probably  not  be  replaced  but  should  be  augmented 
in  special  cases  with  other  types  of  tests.  This  test  method  should  have  the 
following  desirable  features: 

1)  Measure  the  dielectric  constant  and  loss  tangent  regardless  of  the 
material  thickness. 

2)  'Make  measurements  with  copper  clad  material. 

3)  Use  a  small  size  sample. 

4)  Include  the  capability  to  make  measurements  at  different  microwave 
frequencies. 

5)  Use  easy  to  Implement  test  methods. 

6)  Minimize  sample  preparation. 

A  literature  search  was  made  on  methods  of  measuring  dielectric  constant 
and  many  technical  papers  were  reviewed. Most  techniques  are  not 
applicable  to  the  measurement  of  strip! 1 ne  materials.  One  test  method,  which 
uses  square  dielectric  cavities^0’  15  "  18/  has  the  desirable  features 
listed  above.  This  method  has  been  used  to  measure  the  high  dielectric  con¬ 
stant  substrates  for  microwave  Integrated  circuits.  The  use  of  this  same 
technique  for  the  low  dielectric  constant  stripline  materials,  however,  Is 
dependent  on  the  ability  to  achieve  a  measurable  resonant  response  In  samples 
as  thin  as  0.005  Inch.  A  waveguide  type  cavity  Is  made  (from  the  copper  clad 
dielectric  material)  by  cutting  a  1-inch  square  and  then  plating  the  exposed 
dielectric  edges.  The  small  sample  can  be  accurately  machined  to  a  precise 
square.  The  edge  plating  completely  encloses  the  dielectric  without  any  air 
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gaps  so  the  dimensions  of  the  cavity  are  precisely  known.  Coupling  apertures 
are  cut  Into  the  plating  on  opposite  sides  of  the  plated  test  piece.  The  . 
apertures  are  small  to  minimize  the  effects  of  the  reactance  coupling  aper¬ 
tures  on  the  resonant  frequency.  The  apertures  are  placed  In  the  canter  of 
the  edge  to  maximize  coupling  to  the  lowest  order  mode. 

The  cavities  will  resonate  when  there  Is  an  Integral  number  of  half  wave¬ 
lengths  In  the  1 -loch  dimension.  Since  the  apertures  are  In  the  canter,  only 
modes  having  an  odd  number  of  half  wavelengths  In  that  direction  are  of 
Interest.  The  modes  with  an  even  number  of  half  wavelengths  have  a  null  at 
the  apertures  and  there  is  no  coupling  to  them.  The  number  of  half  wave¬ 
lengths  In  the  opposite  direction  can  be  any  integer  value. 

The  frequency  of  the  cavity  resonances  can  be  calculated  from: 


where: 

f  -  resonant  frequency 

C  •  velocity  of  light 

cp  »  relative  dielectric  constant 

p  ■  number  of  half  wavelengths  In  side  of  length  a 

q  •  number  of  half  wavelengths  in  side  of  length  b 

Table  2  shows  the  modes  that  would  be  excited  and  the  resonant  frequencies 
of  the  modes  assuming  a  dielectric  constant  of  2.20  and  a  and  b  dimensions  of 
1.000  Inch.  There  are  a  number  of  resonances  that  occur  In  the  2  to  18  GHz 
band  so  the  dielectric  constant  should  be  able  to  be  determined  at  a  number  of 
different  frequencies. 

A  test  fixture,  shown  In  Figure  13,  was  made  to  test  1-inch  square  plated 
samples  of  the  strlpllna  materials.  SMA  connectors  are  used  for  Input  and 
output  connections  to  the  test  equipment.  The  connector  center  pin  connects 
to  the  top  of  the  cavity  at  the  aperture,  by  means  of  a  pressure  contact. 
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TABLE  2.  CALCULATED  RESONANT  FREQUENCIES 


MODI  DISIGNATION 

CALCULATED RIIONANT 
FRIQUINCV,  .  2.2 

«  "  b  ■  1.000  INCH 

P 

q 

1 

. 

6.83  QHt 

1 

2 

4.89  QHt 

1 

3 

12.58  QHt 

3 

1 

12.88  QHt 

3 

2 

14.34  QHt 

1 

4 

16.40  QHt 

3 

3 

16.98  QHt 

UCF  IMHI-tJ 

Figure  13.  Test  Fixture  for 
1  - 1  rich  Square  Resonators 


Figure  14  Is  a  swept  frequency,  Insertion  loss  plot  across  the  2  to  18  GHz 
band.  The  material  Is  RT/Ourold  5880,  0.0075  Inch  thick,  clad  with  1  ounce 
rolled  copper.  Each  of  the  resonances  Is  defined  by  the  p  and  q  mode  num¬ 
bers.  Thr  approximate  frequency  of  resonance  Is  also  indicated.  Note  that 
these  results  are  very  close  to  those  predicted  In  Table  2. 
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Since  the  resonant  frequency  can  be  determined  from  sweep  Insertion  loss 

data  and  the  Integer  values  of  p  and  q  are  known  from  the  frequency,  It  would 

seem  that  the  dielectric  constant  should  be  able  to  be  determined  from 

Equation  7.  This  equation,  however,  holds  only  If  the  Q  of  the  circuit  Is 

Infinite.  Since  the  resonances  being  considered  have  a  relatively  low  Q,  an 
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adjustment  to  the  measured  frequency  must  be  made'  .  If  f  Is  the  meas¬ 
ured  frequency,  the  corrected  frequency  f  to  be  used  In  Equation  7  1.s: 


where  Q  Is  the  measured  Q  of  the  resonance.  This  phenomenon  Is  caused  by  an 
apparent  shift  In  resonant  frequency  resulting  from  wall  losses. 

Figures  15  and  16  show  the  measured  response  of  two  different  resonators 
where  the  resonances  are  measured  at  8  and  12  GHz.  The  frequencies  are  Indi¬ 
cated  at  the  peak  of  the  response  and  the  3  dB  points.  Also  Included  In  the 
figure  Is  the  calculation  of  the  Q,  the  corrected  resonant  frequency,  and  the 
calculated  dielectric  constant.  It  Is  Interesting  to  note  that  the  calculated 
dielectric  constant  Is  slightly  higher  at  the  higher  frequency  and  also  that 
the  dielectric  clad  with  electrodeposlted  copper  (EOC)  has  a  higher  apparent 
dielectric  constant  than  the  material- clad  with  rolled  copper  (RLC), 

The  effect  of  the  electrodeposlted  copper  versus  the  rolled  copper  can  be 
seen  In  Figure  17.  Seven  different  samples  were  measured  and  the  dielectric 
constant  computed  from  the  resonance  response.  The  samples  with  rolled  copper 
consistently  showed  lower  effective  dielectric  constants  than  those  with  elec¬ 
trodeposlted  copper.  Figure  17  also  shows  the  Increase  In  the  measured 
dielectric  constant  for  the  thinner  materials.  These  data  are  consistent  with 
and  tend  to  verify  that  there  is  an  Increase  In  effective  dielectric  constant 
with  surface  roughness  and  that  the  Increase  Is  Inversely  proportional  to  the 
thickness  of  the  dielectric  material. 

There  Is,  however,  additional  work  that  must  be  performed  to  perfect  this 
t  chnlque  and  obtain  accurate  measurement  of  the  effective  dielectric  constant 
of  the  strlpllne  material.  The  size  of  the  coupling  aperture  does  effect  the 
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Figure  15.  Calculation  of  Dielectric  Constant  fro*  Resonance  Curves 
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Figure  15  (Concluded). 
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Figure  16  (Concluded) 
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resonant  frequency.  The  low  dielectric  constant  values  of  the  0. 031-Inch 
materials  In  Figure  17  Is  believed  to  be  caused  by  oversized  coupling  aper¬ 
tures.  To  obtain  accurate  data,  the  coupling  apertures  will  have  to  be  cut  to 
precise  dimensions.  An  adjustment,  determined  experimentally,  would  then  be 
made  to  the  resonant  frequency.  This  would  be  similar  to  the  adjustment  made 
for -fringing  fields  that  Is  used  In  the  MIL-P-1 39491^  test  method. 


DIILICTRIC  THICKNESS,  INCHBS  X  103 

Figure  17.  Effective  Dielectric  Constant  of  Test  Resonators 


SECTION  VII 

STRIPLINE  TOLERANCE  STUDY 


The  tolerance  study  was  performed  by  using  a  combination  of  analytical 
and  experimental  data.  The  nine  section  coupler,  used  for  the  experimental 
data,  Is  very  complex.  It  Is  very  difficult  to  calculate  the  effects  of  tol¬ 
erances  on  the  nine  section  coupler.  Calculations  were  therefore  made  on  a 
single  section  coupler  and  also  on  a  five  section  coupler  using  the  approxi¬ 
mation  that  the  outer  sections  were  edge  coupled.  These  calculations  showed 
the  effects  of  changes  In  dielectric  thickness,’  line  widths,  line  offsets, 
etc.  The  results  of  these  calculations  were  especially  helpful  In  Inter¬ 
preting  the  experimental  data  because  of  the  large  number  of  variables 
Involved. 

PARAMETERS  THAT  EFFECT  COUPLER  PERFORMANCE 
Broadband  Strlpllne  Coupler  Test  Circuit 

The  test  circuit  used  for  this  program  Is  the  broadband  3  dB  quadrature 
coupler  that  operates  over  the  2  to  18  GHz  frequency  range.  Quadrature  refers 
to  the  fact  there  Is  a  90  degree  relative  phase  shift  between  the  outputs. 

The  coupler  Is  a  nine  section  coupler,  each  section  being  a  quarter  wave¬ 
length  long  and  Is  similar  to  the  five  section  coupler  shown  In  Figure  18. 

The  prototype  five  section  coupler  has  an  overlapping  center  section  and  outer 

sections  that  are  progressively  more  loosely  coupled.  The  prototype  coupler 
has  poor  electrical  performance  because  of  the  reactance  of  the  abrupt  steos. 
To  reduce  this  effect,  the  multistep  design  Is  used  so  there  are  no  large 
reactive  steps.  In  the  limit,  If  smaller  steps  were  used,  the  coupler  would 
have  a  continuous  taper. 

The  cross  section  of  the  quadrature  coupler  Is  shown  In  Figure  19.  Theit 

are  two  modes,  referred  to  as  the  even  and  odd  modes,  in  the  coupled  region 

and  there  Is  an  Impedance  associated  with  each  mode.  As  shown  by  the  electric 
fields  In  Figure  19,  the  Inner  conductors  have  the  same  electric  potential  for 
the  even  mode  but  are  out  of  phase  for  the  odd  mode.  The  coupling  between  the 
conductors  is  a  function  of  the  even  and  odd  mode  Impedances.  Note  that  for 
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the  tightly  coupled  case,  the  odd  mode  electric  fields  are  confined  between  the 
two  closely  spaced  conductors.  The  odd  mode  of  the  loosely  coupled  sections, 

In  contrast,  has  only  a  fraction  of  the  fields  between  the  Inner  conductors. 

Tolerances  In  Strip! Ine  Circuit 

There  are  many  tolerances  that  can  affect  performance  of  coupled  strip- 
line  circuits.  Control  of  these  tolerances,  to  be  within  some  bounds,  is 
required  to  obtain  repeatable  performance.  Parameters  that  affect  performance 
of  broadband  stripline  couplers  are  shown  In  Figure  20.  These  parameters  are 
related  to  the  fabrication  of  the  strip  1 1 ne  material  or  to  the  processing  of 
the  materials  to  make  the  strlpllne  circuits. 


Figure  20.  Parameters  Affecting  Performance 


Dielectric  Constant,  t 

The  dielectric  constant  must  be  controlled  to  some  specific  value  and 
tolerance  and  must  be  within  those  limits  from  board  to  board.  The  dielectric 
constant  must  be  uniform  throughout  the  bulk  of  the  material. 

Thickness  of  the  Material,  b 

The  coupler  performance  is  dependent  on  the  thickness  of  'the  dielectric 
material.  Thickness  must  be  controlled  and  must  be  uniform  across  the  material. 
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Imaging  and  Etching,  w,  s 

Th«  line  widths,  w,  are  determined  by  the  exposure  of  the  photoresist, 
developing  of  the  photoresist  and  by  the  etching  of  the  circuit.  The  pro¬ 
cessing  must  be  controlled  to  accurately  reproduce  the  circuits.  The  align¬ 
ment  of  the  photo  tools  will  determine  how  accurately  the  offset,  s,  between 
the  conductors  Is  maintained, 

Caaaer  Cladding,  t,  r 

The  thickness,  t,  of  the  copper  cladding  affects  the  height  of  the  three 
layer  construction.  The  thickness  should  be  uniform  across  the  surface. 

Tests  and  theory  Indicate  that  the  surface  roughness,  r,  can  have  a  signifi¬ 
cant  effect  on  performance  of  the  stripline  circuits.  The  surface  roughness 
of  the  copper  should  bo  uniform  across  the  surface  and  also  be  consistent 
from  sheet  to  sheet. 

ANALYSIS  OF  EFFECT  OF  TOLERANCES 
Tolerances  In  Single  Section  Coupler 

An  estimate  of  the  magnitude  of  the  affect  of  tolerances  on  broadband 
stripline  coupler  performance  was  obtained  by  analyzing  the  single,  quarter 
wavelength  long,  coupled  section.  Two  types  of  structures  were  analyzed:  the 
two  layer  circuit  with  edge  coupling  and  the  three-layer  circuit  with  broad¬ 
side  coupling.  These  strlpllna  configurations  are  shown  In  Figure  21.  Coup- 
•  ling  Is  a  function  of  the  capacitance  between  the  two  Inner  conductors. 

Hence,  the  gap,  g,  for  the  edge  coupler  must  be  much  smaller  than  the  center 
board  thickness,  b2,  for  the  broadside  coupler  to  provide  the  same  coupling. 


Figure  21.  Strip! Ine  Configurations 
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The  effect  of  tolerances  on  the  Tine  widths,  and  Wj,  the  center 
board  thickness,  bg,  the  gap,  g,  and  outer  board  thickness  b1  and  b3  are 
shown  in  Figure  22.  A  3.3  dB  coupler  was  used  for  the  broadside  coupler.  A 
15.5  dB  coupler  was  used  for  Illustration  of  the  edge  coupled  case.  The  gap 
for  the  3  dB  edge  coupler  was  too  small  to  provide  a  meaningful  comparison  of 
tolerance  effects.  This  also  vividly  demonstrates  one  of  the  reasons  why  a 
three-layer  construction,  rather  than  a  two-layer  construction  Is  required  for 
broadband  stripline  couplers. 

Coupling  is  a  function  of  the  even  and  odd  mode  impedances.  Flgu-e  23 
shows  the  effects  on  the  even  and  odd  mode  Impedances  for  the  broadside 
coupled  case.  Since  the  Input  Impedance  Is  equal  to  the  square  root  of  the 
product  of  the  even  and  odd  mode  Impedances,  the  tolerances  also  cause  a 
change  In  the  circuit  Impedance.  The  change  In  Impedance  causes  an  Increase 
In  the  Input  VSWR  and  a  reduction  in  the  isolation  between  the  outputs.  This 
effect  Is,  however,  quite  small  for  the  tolerances  discussed  here. 

The  effect  of  dielectric  tolerances  was  considered  only  for  the  broadside 
coupler..  The  calculations  for  the  broadside  coupled  lines  was  made  using 
equations  derived  by  S.  B.  Cohn^32^.  An  examination  of  these  equations 
shows  that  the  coupling  Is  not  changed  by  small  variations  In  the  dielectric 
constant.  Tiie  Impedance  of  the  coupled  section  will  chanye  by  the  Inverse  of 
the  square  root  of  the  dielectric  constant.  The  effect  Is  small;  however,  a 
2  percent  change  In  dielectric  constant  would  cause  a  1  percent  change  In  VSWR 
and  Isolation. 

Tolerances  In  Five  Section  Coupler 

The  circuit  used  for  the  empirical  tolerance  study  Is  a  tandem  connection 
of  two  8.3  dB  couplers  with  nine  quarter  wavelength  sections.  The  tandem  con¬ 
nection  provides  a  3.0  dB  coupler  but  reduces  the  coupling  requirements  of 
the  center  section  and  thus  permits  the  use  of  a  thicker  center  board.  Mini- 
step  transitions  a”e  used  between  the  sections  to  reduce  the  step  reactance. 

The  nine  section  coupler  with  the  ministep  transitions  Is  a  complex 
structure  and  is  very  difficult  to  analyze  for  the  effect  of  tolerances  on 
electrical  performance.  To  reduce  the  problem  to  a  more  manageable  size,  a 
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Figure  22.  Coupling  Variations  Caused  by  Line  Width  and  Board  Thickness 
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Figure  23.  Change  of  Even  and  Odd  Mode  Impedances 


five  section  coupler  of  about  the  tame  percentage  bandwidth  was  chosen.  The 
reactance  of  the  steps  between  sections  Is  neglected  so  only  the  five  sections 
have  to  be  analyzed. 

Elegant  procedures  exist  for  the  synthesis  of  multlsactlon  couplers. 

They  are  based  on  determining  the  even  and  odd  mode  Impedances  to  provide  the 
desired  response.  The  strlpllne  widths  and  offsets  are  then  computed  from  the 
Impedances.  The  reverse  problem,  to  compute  the  response  when  given  the  line 
widths  and  offsets,  Is  extremely  difficult.  This  Is  the  problem  that  must  be 
handled  to  see  the  effects  of  the  tolerances. 

The  five  section  symmetrical  tandem  coupler  design  was  derived  using 
tables  by  Crlstal  and  Young^33^  and  Is  shown  schematically  In  Figure  24. 

The  line  widths  and  offsets  for  the  dielectric  constraint  and  material  thick¬ 
nesses  chosen  were  computed  using  a  program  based  on  the  aquations  by 
J.  P.  Shelton^),  A  computer  program  was  also  written  to  plot  the  charac¬ 
teristics  of  the  coupler. 


Figure  24.  Tandem  3  dB  Coupler  Schematic 
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The  seme  center  board  and  outer  board  thicknesses  used  In  the  test  circuit 
are  assumed  for  the  five  section  coupler,  The  center  section  of  the  five  sec¬ 
tion  coupler  then  has  an  overlap  ratio  of  about  0.66,  but  the  other  sections  do 
not  overlap.  If  the  center  section  were  completely  overlapped,  the  even  mode 
Impedance  would  be  10  percent  higher.  If  the  other  sections  were  In  the  same 
plane  (edge  coupled)  with  the  same  horizontal  spacing,  their  even  mode  Imped¬ 
ances  would  be  1.5  percent  and  1.0  percent  higher.  These  Impedances  were 
determined  from  equations  by  S,  B.  Cohn^32*  3S).  Cohn's  equations  could  be 
rearranged  to  determine  the  Impedance  of  each  section  from  Its  physical 
dimensions. 

A  change  of  a  parameter,  such  as  a  reduction  in  line  width,  was  then 
applied  to  the  broadside  overlapped  and  edge  coupled  sections  and  new  even  and 
odd  mode  Impedances  computed.  The  new  Impedances  were  then  adjusted  for  the 
percentage  differences  between  the  three  layer  construction  and  the  model. 

The  new  Impedances  were  used  to  compute  the  response  of  the  coupler.  Table  3 
shows  a  ri'mmary  of  the  computed  response  characteristics  for  changes  In 
various  parameters. 

The  response  of  the  baseline  (five-section)  coupler,  with  the  center  fre¬ 
quency  normalized  to  1,  Is  shown  In  Figure  25.  Note  that  this  coupler  has  a 
uniform  ripple  response  across  the  pass  band  and  an  almost  perfect  phase,  iso¬ 
lation  and  VSWR  response.  Figure  26  shows  the  computed  response  when  the 
inner  board  thickness  Is  reduced  by  0.001  Inch.  Note  the  Increased  coupling, 
reduced  isolation  and  Increased  VSWR  but  that  the  phase  difference  Is  still 
almost  a  perfect  90  degrees.  Figure  27  shows  the  effect  of  a  0.001  Inch 
Increase  In  line  width,  which  could  be  caused  by  under  etching.  Note  that  the 
coupling  Is  only  slightly  affected  but  isolation  and  VSWR  Is  affected  to  a 
greater  degree. 

A  difference  In  the  even  and  odd  mode  phase  velocities  can  have  a  great 
effect  on  coupler  performance.  The  phase  differences  can  be  caused  by  the 
configuration  of  the  circuit,  differences  in  dielectric  constant  of  the  cir¬ 
cuit  boards  and  also,  as  discussed  In  Section  VI,  by  the  surface  roughness  of 
the  copper  cladding.  Figure  28  shows  the  response  of  the  coupler  with  a  0.91 
ratio  of  the  even  to  odd  mode  phase  lengths  for  the  overlapped  center  coupled 
case.  The  phase  difference  In  the  more  loosely  coupled  outer  sections  are 
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adjusted  according  to  the  measurement  made  by  Reh.nmark^.'  The  two  middle 
sections  have  an  even  to  odd  mode  phase  length  ratio  of  0.971  and  the  outer 
sections  a  ratio  of  0.986.  These  results  are  of  great  significance  because 
they  look  very  similar  to  the  measured  response  of  many  coup',  r  circuits. 

Note  that  the  Isolation  decreases  and  the  VSWR  Increases  as  a  function  of 
frequency.  Note  also  that  the  phase  deviates  considerably  from  90  degrees.  A 
summary  of  the  computed  results  is  given  In  Table  3. 
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Figure  25.  Response  of  Baseline  Coupler 
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Figure  28  (Concluded). 


EXPERIMENTAL  DETERMINATION  OF  THE  EFFECTS  OF  TOLERANCES 
Test  Circuit 

The  test  circuit  selected  for  the  experimental  tolerance  study  Is  a  3  dB 
tandem,  quadrature  coupler.  The  circuit  was  designed  to  use  Durold  5880  and 
operate  from  2  to  18  GHz.  Figure  29  is  a  composite  and  shows  the  strlpllne 
that  Is  etched  on  each  side  of  the  center  board.  The  nine  quarter-wavelength 
sections  and  ml rtl strip  transitions  are  clearly  visible. 

Etched  circuit  boards,  outer  beards  and  test  fixture  are  shown  In 
Figure  30.  The  connectors  are  SMA  type  and  have  small  tabs  that  connect  the 
center  conductor  to  the  stripline  by  means  of  the  pressure  supplied  to  the 
outer  boards  by  two  aluminum  plates  and  eight  screws.  The  fixture  also  has 
two  dowel  pins  that  assure  accurate  alignment  between  all  the  parts.  The 
outer  shell  of  each  connector  Is  attached  to  the  aluminum  plates  by  four 
screws. 
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Figure  29.  Stripline  Composite 


Figure  30.  Test  Fixture 
and  Circuits 


Figure  31.  Computer  Controlled 
Automatic  Network  Analyzer 


Test  Data 

Data  on  the  test  circuits  were  taken  with  the  Hewlett  Packard  computer 
controlled  automatic  network  analyzer  shown  In  Figure  31.  Two  sets  of  test 
data,  with  Inputs  on  opposite  corners,  were  taken  for  each  circuit  test  to 
assure  that  symmetry  was  obtained  and  connections  were  properly  made.  The 
test  data  taken  at  one  Input  are  shown  In  Figure  32.  The  plotted  data  Include 
Isolation,  VSWR,  loss  (or  coupling),  the  difference  In  coupling,  the  output 
phase  compared  to  a  24.85  cm  length  of  line  and  the  difference  In  phase  of  the 
outputs.  The  data  are  In  the  form  of  plots  for  easy  visual  Inspection  and  In 
tables  when  more  accurate  values  may  be  desired. 

Twenty-seven  different  combinations  of  Inner  and  outer  boards  were  tested 
on  the  automatic  network  analyzer.  Five  combinations  were  also  tested  a  sec¬ 
ond  time.  These  results  always  closely  matched  the  original  tests. 

Twenty-three  tests  were  made  on  circuits  that  were  etched  on  the  Inner 
board  and  nine  tests  were  made  on  circuits  that  were  etched  on  the  outer 
boards.  The  tests  with  the  circuits  etched  on  the  Inner  board  were  made  from 
combinations  of  ten  Inner  boards  and  four  pairs  of  outer  boards.  The  test 
with  the  circuits  etched  on  the  outer  boards  were  made  from  combinations  of 
three  Inner  boards  and  five  pairs  of  outer  boards.  There  were  also  six  tests 
of  bonded  plated  assemblies  and  six  tests  with  the  circuits  on  the  center 
board  offset. 
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Figure  32.  Test  Data 


Figure  32.  (Continued) 


Figure  32.  (Concluded) 


Three  different  substrate  materials  were  used  for  the  Inner  and  outer 
boards.  They  were  Durold  5880  («f  ■  2.20),  Durold  5870  (*r  ■  2.33)  and 
CuClad  217  (*p  ■  2.17).  Substrate  material  was  obtained  with  both  rolled 
and  clectrodeposlted  copper  cladding.  Most  of  the  copper  foil  was  1  ounce 
although  a  t' aw, boards  had  1/2  ounce  or  2  ounce  copper.  ,  The  nominal  Inner 
board  thickness  was  0.0075  Inch  and  the  outer  board  was  0.031  Inch. 

The  great  quantity  of  data  taken  during  the  tests  made  comparisons  very 
time  consuming.  An  examination  of  the  data,  however,  showed  that  the  effects 
of  tolerance  variations  could  be  divided  Into  three  frequency  subbands,  2  to 
7  GHz,  7  to  13  GHz  and  13  to  18  GHz.  A  preliminary  comparison  and  sort  could 
thus  be  made  by  comparing  the  average  performance  In  the  subband.  After  this 
preliminary  sort  was  made,  a  more  detailed  comparison  could  be  made  using  the 
full  frequency  band  data. 

The  overpowering  amount  of  data  provided  by  the  automatic  network  ana¬ 
lyzer,  and  the  large  number  of  Interacting  variables  made  it  difficult  to 
arrange  the  data  In  an- orderly  manner.  The  summary  of  test  results  Is  then 
presented  In  discussion  format  rather  than  In  tables  or  curves. 

SUMMARY  OF  TEST  RESULTS 

Circuits  Etched  on  Inner  Board.  Effect  of  Changing.  Inner  Board 

These  are  the  performance  changes  that  were  noted  when  different  Inner 
board  circuits  were  tested  with  the  same  outer  boards. 

Thickness 

A  0.0005  Inch  reduction  In  the  thickness  of  the  Inner  board  causes  an 
Increase  In  coupling  of  about  0.6  dB. 

Dielectric  Constant 

Three  materials  were  used  with  different  dielectric  constants: 

CuClad  217  c r  .  2.17,  D5880,  «r  -  2.20,  and  D5870  cp  .  2.33.  The  test 
data  showed  that  the  coupling  was  almost  unaffected  by  changes  In  the  dielec¬ 
tric  constant.  The  higher  dielectric  constant  of  the  D5870  should  cause  an 
Increase  In  coupling  but  It  Is  negligible  compared  to  the  variations  caused  by 
the  slightly  different  thickness  between  the  materials.  The  Isolation  of 
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couplers  made  with  05870  center  boards  was  about  2  dB  poorer  than  couplers 
with  the  other  materials,  especially  at  the  lower  frequencies.  This  Indicates 
a  change  In  the  Impedance  match.  The  difference  In  dielectric  constant  can 
also  be  seen  In  the  phase  characteristics. 

Rolled  versus  Electrodeposlted  Copper 

Rolled  copper  Increases  coupling  about  0.2  dB  at  low  frequencies,  0.5  dB 
at  board  canter  and  0.4  dB  at  the  higher  frequencies.  Rolled  copper  reduces 
Isolation  about  1  dB  and,  from  phase  data,  shows  a  lower  affective  dielectric 
constant. 

Compression  of  Circuit  Into  Dielectric  Material 

A  0.9  dB  difference  in  coupling  primarily  at  the  center  of  the  frequency 
band  was  noted  between  two  Durold  5880  circuits  that  came  from  the  same  sheet 
of  material.  Both  boards  were  tested  a  second  time  with  the  same  results.  An 
examination  of  the  boards  showed  that  the  center  sections  of  one  coupler  had 
been  pressed  about  0.0004  inch  Into  the  dielectric  material..  This  was 
probably  the  result  of  leaving  one  circuit  In  the  test  fixture,  with  the 
screws  tightened,  for  an  extended  period  of  time  so  that  the  material  cold 
flowed.  The  center  of  the  coupler  has  fully  overlapped  sections  so  there  Is  a 
double  thickness  of  copper  cladding  and  this  small  area  thus  bears  the 
greatest  load. 

Direction  of  Glass  Weave 

The  CuClad  217  has  a  glass  cloth  laminate.  Test  circuits  that  were 
etched  on  the  material  In  line  with  the  weave  and  at  45  degrees  to  the  weave 
showed  no  significant  differences  In  performance. 

Change  of  Strip  Width 

The  greatest  difference  in  strip  width  between  any  two  circuits  was 
0.002  Inch.  No  correlation  between  strip  width  and  coupler  could  be  identified 
with  the  samples  tested.  Based  on  the  analytical  model  the  greatest  variation 
In  coupling  would  be  0.2  dB.  Since  the  coupling  also  varies  with  frequency  the 
small  coupling  change  could  easily  be  masked  by  other  parameters. 
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Circuits  Etched  on  Inner  Boards.  Effect  of  Changing  Outer  Boards 

These  art  th«  performance  changes  that  were  observed  when  different  sets 
of  outer  boards  were  tested  with  the  same  Inner  board. 

Thickness 

• 

A  0.005  Inch  Increase  In  the  thickness  of  each  board  (0.010  Inch  overall) 
causes  a  0.2  dB  Increase  In  coupling  at  the  lower  frequencies.  There  Is 
almost  no  change  In  coupling  at  midboard  and  the  higher  frequencies. 

Dielectric  Constant 

The  performance  of  circuits  with  outer  boards  made  from  Durold  D5880 
(dielectric  constant  2.20)  and  CuClad  217  (dielectric  constant  2.17)  were 
compared  to  circuits  made  from  Durold  D5B70  (dielectric  constant  2.33).  On 
the  average, the  higher  dielectric  constant  of  the  D5870  reduced  coupling 
0.2  dB  at  the  lower  frequencies,  0.5  dB  at  the  middle  frequencies  and  0.3  dB 
at  the  higher  frequencies  for  boards  with  approximately  the  same  thickness. 

The  high  dielectric  outer  boards  also  had  about  a  2.0  dB  overall  Improvement 
In  Isolation  and  a  lower  VSWR. 

In  one  set  of  tests  the  same  Inner  board  was  used  with  a  pair  of  D5680 
outer  boards  (thickness  0.0259  Inch)  and  a  pair  of  the  higher  dielectric  con¬ 
stant  05870  outer  boards  (thickness  ■  0.0314  Inch).  The  coupler  with  05870 
outer  boards  had  3  dB  better  Isolation,  lower  VSWR,  but  almost  exactly  the  same 
coupling  as  with  the  05880  outer  boards.  Th«.  mason  for  this  Improvement  Is 
because  of  the  more  equal  phase  velocity  be.waen  the  even  and  odd  modes.  The 
more  equal  phase  velocity  also  shows  up  as  reduced  ripple  In  the  phase 
response.  The  higher  dielectric  constant  of  the  outer  board  compensates  for  the 
Increase  In  effective  dielectric  constant  caused  by  rough  eleetrodeposlted 
copper  on  the  center  board.  The  Increased  thickness  of  the  D5780  outer  board 
partly  compensated  for  Increased  even  mode  Impedance  caused  by  the  higher 
dielectric  constant  and  thus  there  Is  little  change  In  coupling. 

Offset  Circuits 

Six  center  boards  were  etched  with  the  circuits  on  opposite  sides  of  the 
boards  offset  rather  than  being  perfectly  aligned.  Circuit  alignments  are 
typically  held  to  less  than  *0.001  inch.  These  boards  had  offsets  of  0.003, 
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and  0.006  Inch,  In  two  directions,  to  have  an  Increase  considerably  above  the 
♦0.001  tolerance. 

These  circuits  were  tested.  No  significant  difference  In  performance  was 
found  that  could  be  related  to  the  offsets. 

Circuits  Etched  on  Outer  Boards 

Nine  couplers  were  made  with  the  circuits  etched  on  the  outer  boards, 
Instead  of  on  the  Inner  boards.  These  couplers  were  made  from  combinations  of 
five  pairs  of  outer  boards  and  three  Inner  boards.  The  Inner  board  had  no 
copper.  In  these  couplers  the  smooth  outer  copper  surfaces  face  each  other 
through  the  thin  center  board,  Alignment  between  the  circuits  was  achieved  by 
the  use  of  dowel  pins. 

General  Observations 

The  couplers  with  outer  board  circuits  are,  on  the  average,  0.8  dB  over- 
couplcd  at  low  frequencies,  0.8  dB  undercoupled  at  middle  frequencies  and  0.5 
dB  overcoupled  at  high  frequencies. 

The  circuits  with  the  05880  material  for  both  the  center  boards  and  outer 
boards  and  rolled  copper  on  the  outer  boards  had  a  uniform  coupling  response 
across  the  frequency  band.  Circuits  with  electrodeposlted  copper  on  the  outer 
boards  had  much  greater  variation  Incoupling  across  the  bond.  Circuits  with 
CuClad  217  center  boards,  regardless  of  the  type  of  outer  board,  also  had  a 
greater  variation  across  the  frequency  band. 

The  differences  between  the  responses  of  electrodeposlted  copper  and 
rolled  copper  on  the  outer  boards  was  unexpected.  It  had  been  assumed  that 
the  electrodeposlted  copper  surface  roughness  would  have  a  strong  effect  on 
the  center  board,  but  not  on  the  outer  board. 

Inner  Board  Thickness 

From  the  tests  that  were  run,  the  relationship  between  Inner  board  thick¬ 
ness  and  coupling  cannot  be  easily  determined.  For  example,  a  circuit  made 
with  05880,  which  had  an  average  thickness  of  0.0073  Inch,  had  about  0.2  dB 
greater  coupling  at  low  and  middle  frequencies  than  a  circuit  mode  with  D5880 
which  had  an  average  thickness  of  0.0078  Inch. 
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In  another  example,  a  circuit  made  with  CuClad  21?  which  had  an  almost 
constant  thickness  of  0.0072  Inch,  had  about  0.6  dB  greater  coupling  overall 
than  a  circuit  made  with  05880  which  had  an  average  thickness  of  0.0073  Inch. 

This  Inconsistency  may  result,  at  least  partially,  because  of  the  following: 
Visual  Inspection  the  CuClad  217  board  showed  a  greater  depth  of  Impression 
from  the  circuit  than  the  0.‘0073  Inch  thick  05880  board.  This  05880  hoard  had 
an  overall  variation  in  thickness  of  0.0004  Inch  which  could  be  a  cause  for  the 
actual  spacing  between  the  most  tightly  coupled  section  to  be  significantly 
different  from  the  average  board  thickness. 

Outer  Board  Thickness 

Three  different  sets  of  outer  boards  were  used.  They  were  made  of  05880 
with  rolled  copper  (dielectric  thickness  -  0.0307  Inch),  D5880  with  electro- 
deposited  copper  (dielectric  thickness  ■  0.0310  Inch)  and  CuClad  217  with 
electrodeposlted  copper  (dielectric  thickness  »  0.0309  Inch).  The  range  of 
thickness  variation  Is  0.0003  Inch,  which  would  have  an  Insignificant  effect 
on  the  couplers'  performance. 

Rolled  versus  Electrotieposlted  Copper 

The  coupling  of  all  the  circuits  with  rolled  copper  were  within  0.3  dB  of 
each  other  over  the  band  and  the  coupling  of  all  the  circuits  with  electro- 
deposited  copper  were  also  within  0.3  dB  of  each  other  over  the  band.  On  the 
average,  the  circuits  with  rolled  copper  had  0.1  dB  less  coupling  at  low  fre¬ 
quencies,  0.8  d8  greater  coupling  at  center  frequencies  and  0.3  dB  greater 
coupling  at  high  frequencies.  The  isolation,  VSWR  and  ohase  ripple  for  the 
rolled  copper  circuits  were  the  same,  or  slightly  better  than  for  the 
alectrodeposlted  circuits. 

COMPARISON  OF  CIRCUITS  ETCHED  ON  INNER  BOARD  AND  CIRCUITS 
ETCHED  ON  OUTER  BOARDS 

General  Observations 

In  general,  the  coupling  of  the  inner  board  circuits  showed  less  varia¬ 
tion  In  the  level  of  coupling  over  the  frequency  range,  had  a  greater  overall 
level  of  coupling,  worse  Isolation  and  VSWR,  and  a  greater  phase  ripple  than 
the  outer  board  circuits. 
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Two  Pairs  of  Similar  Inner  Board  and  Outer  Board  Circuits  Compared 


One  pair  of  circuits  was  made  from  CuClad  217  with  electrodepositeri 
copper;  the  other  pair  of  circuits  was  made  from  05880  with  electrodeposlted 
copper.  In  both  cases  the  thicknesses  of  the  Inner  and  outer  boards  were  the 
same. 

Coupl Inq 

On  the  average,  the  Inner  board  circuits  had  0.1  dB  greater  coupling  at 
low  frequencies,  1.3  d8  greater  coupling  at  center  frequencies  and  0.3  dB 
greater  coupling  at  high  frequencies. 

Other  Parameters 

Isolation  was  about  1  dB  better  for  the  outer  board  circuits.  The  VSWR 
and  phase  ripple  were  about  the  same. 

Bonded  and  Plated  Circuits 

Six  assemblies  were  fabricated  with  the  outer  and  Inner  boards  bonded 
together  and  then  shell  plated  to  make  an  Integral  assembly.  All  Inner  boards 
had  rolled  copper.  3M  bonding  material  number  6700  was  used.  This  material 
has  a  nominal  thickness  of  0.0015  inch  and  a  die'.ctric  constant  of  2.35.  The 
bonding  material  covered  the  stripline  circuit,  as  Is  the  usual  case  for 
printed  circuit  boards. 

The  six  assemblies  were  tested.  All  assemblies  had  characteristics 
similar  to  each  other  but  different  from  those  of  the  unbonded  circuits. 
Coupling  was  good  at  the  band  edges  but  was  about  1.6  dB  undercoupled  at  the 
band  center.  Thus,  there  was  lower  coupling  on  average,  with  a  large  decrease 
In  coupling  at  band  center.  The  isolation  and  VSWR  was  also  consistently 
poorer. 

The  mechanical  bonding  of  the  boards  was  excellent  but  the  electrical 
performance  of  the  circuits  was  not  adequate.  Additional  bonding 
experimentation  Is  required.  It  may  be  necessary  to  cut  the  bonding  material 
away  from  the  conductor  strips.  The  problem  may  also  be  caused  by  the  high 
bonding  pressures  between  parallel  platens.  This  would  tend  to  impress  the 
circuit  Into  the  dielectric  material.  Another  bonding  process,  such  as 
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autoclave  bonding,  that  provides  uniform  bonding  pressure  across  the  surface 
may  provide  better  results. 

CQM€NTS  ON  THE  EFFECT  OF  KEY  PARAMETERS  ON  THE  PERFORMANCE  OF  3  dB 
QUADRATURE  COUPLERS 

Inner  Foard  Thickness 

The  thickness  of  the  Inner  board  Is  very  critical.  A  change  In  Inner 
board  thickness  of  O.OOOS  Inch  causes  an  approximately  0.6  dB  change  In  the 
coupl Ing. 

Outer  Board  Thickness 

The  thickness  of  the  outer  board  Is  not  critical.  A  change  In  outer 
board  thickness  of  0.005  Inch  causes  an  0.2  dB  change  In  coupling. 

Dielectric  Constant 

Surprisingly,  the  test  data  Indicate  that  the  dielectric  constant  Is  not 
critical.  Changes  In  dielectric  constant,  as  large  as  5  percent,  made  little 
difference  In  the  coupling  although  there  were  naturally  large  changes  In  the 
phase  slope.  Changes  in  dielectric  constant  had  only  small  effects  on  Isola¬ 
tion  and  VSWR, 

Line  Widths 

The  line  widths  are  not  critical.  Little  change  in  performance  was 
observed  for  circuits  with  variations  In  line  widths  of  0.002  Inch.  Control 
of  line  widths  to  within  0,001  inch  of  nominal  should  provide  adequate 
performance. 

Circuits  Alignment 

The  alignment  between  the  two  etched  circuits  Is  not  critical.  No 
noticeable  change  In  performance  was  observed  for  offsets  of  0.003  inch  and 
little  change  was  observed  for  0.006  Inch  offset.  Alignment  to  a  tolerance  of 
0.001  Inch  should  be  adequate.. 
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Impress  Ion  of  the  Circuit  Into  the  D1 electric  Material 

The  Impression  of  the  circuit  Into  the  dielectric  is  a  critical  param¬ 
eter.  It  causes  the  spacing  of  the  circuits  to  vary,  especially  In  the  over¬ 
lapped  center  section.  This  results  In  changes  of  performance  that  are 
frequency  sensitive. 

Surface  Roughness  of  Cladding 

The  surface  roughness  Is  a  critical  parameter.  Care  must  be  taken  to  use 
relatively  smooth  surfaces,  especially  on  the  Inner  boards. 

Bonding  of  Circuit  Boards 

This  Is  a  critical  process.  The  bonding  caused  an  Impression  of  the 
circuit  Into  the  dielectric.  Large  variations  of  coupling  over  the  frequency 
band  were  noted. 


SECTION  VIII 

IMAGING  AND  ETCHING  OF  STRIPLINE  SUBSTRATES 


INTRODUCTION 

No  other  stripline  fabrication  processes  are  as  Important  as  Imaging  and 
etching  In  transforming  the  RF  stripline  engineer's  design  into  a  proper  func¬ 
tioning  circuit.  Once  the  engineer's  design  Is  captured  on  paper,  a  graphic 
artist  then  has  the  task  of  converting  the  circuit  design  Into  a  working  tool 
for  use  In  fabrication.  The  graphic  artist  may  choose  to  use  a  coordinato- 
graph  (Figure  33)  to  cut  ruby 1 1 th  at  several  times  the  original  drawing  and 
then  reduce  this  copy  to  a  one-to-one  mylar  film  with  an  accurate  reduction 
camera.  This  mylar  film  is  called  the  master  pattern.  Another  method  for 
master  pattern  fabrication  would  be  to  load  the  circuit  trace's  dimensional 
characteristics  into  a  computer-aided  design  system  and  photo  plot  the  Image 
directly  onto  a  working  mylar  film  or  glass  master,  using  an  automatic  graphics 
plotter  (Figure  34).  Whatever  the  Instrumentation  capabilities  are,  the 


Figure  33.  Rubyllth  Being  Cut 
on  Coordlnatograph 
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Figure  34.  Gerber  Plotter. 


graphic  artist  must  transform  the  engineering  design  Into  negative  and  posi¬ 
tive  master  pattern  films  for  use  In  fabrication.  Optimization  of  the  fabri¬ 
cation  of  master  films  was  not  a  subject  of  this  report.  However,  It  Is 
important  to  note  that  the  stripline  circuit  will  not  function  properly  with¬ 
out  an  exact  m,aster  film,  no  matter  how  good  the  subsequent  fabrication 
processes  are.  Figure  35  is  a  photocopy  of  a  3  dB  hybrid  quadrature  coupler 
original  master  pattern.  Figure  36  Is  an  enlarged  view,  showing  the  character¬ 
istic  step  function  of  this  coupler.  The  front  and  rear  circuit  traces  are 
identical,  differing  only  In  orientation  In  that  the  front  circuit  Is  a  mirror 


Figure  35.  3  dB  Quad 
Master  Pattern 


Figure  36.  Closeup  of  3  dB  Quad 
Showing  Step  Function  (SOX) 


Image  of  the  rear  circuit.  When  placed  on  top  of  each  other  and  properly 
registered,  there  Is  an  area  where  both  top  and  bottom  circuit  traces  can  be 
seen  to  be  aligned  within  0,0001  Inch  over  one  another,  as  depicted  In 
Figure  37. 


IMAGING 

Before  Imaging  can  be  achieved  onto  a  copper  clad  laminate, the  copper 
surface  must  be  prepared  for  resist  lamination.  Resist,  resist  lamination, 
exposure  and  processing  are  discussed  Individually  In  later  sections.  Jt  Is 
important  to  mention  that  without  proper  copper  surface  preparations,  no  mat¬ 
ter  how  optimum  the  subsequent  processes  are,  the  resist  lamination  would  fall 
because  of  lack  of  resist  adhesion. 
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COUPUP  fllOllTRATION 
OMSIT-t 


Figure  37.  Representation  of  Coupler  Area 


Surface' Preparation  Techniques:  Pra lamination  Clean 

Currently  two  method*  ara  used  In  thli  printed  wiring  board  facility  for 
surface  preparation  of  thin  laminate  material.  These  are:  1)  black  oxide 
treat  (short  treat);  and  2)  ammonium  persulfate/sulfuric  acid,  citric  add 
clean  (microetch).  The  latter  was  Implemented  during  this  project. 

Black  Oxide  Treat  (Short  Treat)  . 

This  procedure  Is  designed  to  evenly  coat  a  copper  clad  thin  laminate 
with  an  oxide  coating  by  rinsing  It  In  a  sodium  hypochlorite  solution.  This 
method  Is  currently  being  used  during  fabrication  of  all  our  thin  laminate 
Innerlayers  and  has  proved  successful  In  providing  an  adequate  surface  for 
maximum  resist  adhesion.  The  main  drawback  Is  that  the  process  is  a  very  time 
consuming  procedure.  A  much  faster  method  of  copper  surface  preparation  was 
Initiated  for  the  stripline  circuits. 

Ammonium  Persulfate/Sulfuric  Add,  Citric  Acid  Clean  (Mlcroetch) 

Ammonium  persulfate  Is  primarily  used  In  the  printed  wiring  circuit  shop 
as  an  etchant  prior  to  electroless  copper  and  electrolytic  copper  deposition. 
However,  Its  application  as  a  preresist  laminate  spray  clean  Is  not  well  docu¬ 
mented,  The  ammonium  persulfate  activity  Is  not  very  stable  during  routine 
spray  usage, as  can  be  seen  In  Figure  38.  A  method  is  being  developed  here  to 
control  this  process  with  the  use  of  a  chemical  feed  and  bleed  system  control¬ 
led  by  solution  volume  and  copper  concentraticn. 
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Figure  38.  Activity  of  Ammonium  Persulfate  Solution 
During  Spray  Application 

An  experiment  was  conducted  to  determine  the  extent  of  etching  with  the 
ammonium  persulfate.  Three  hundred  eighty-four  18  X  13  Inch  panels  were  run 
through  the  spray  cleaner  during  an  eight  hour  shift.  The  copper 
concentration  was  determined  to  be  0.497  02/gal  after  processing.  Since  the 
stripline  process  panel  size  selected  was  8  X  14  Inches,  It  was  calculated 
that  9.07  uln,  would  be  etched  off  each  side.  This  proved  to  be  an  adequate 
etch  for  subsequent  resist  lamination  of  strlpllne  substrates.  See  Table  4 
for  calculations. 

To  prevent  further  oxidation  of  the  panels,  a  1  minute  soak  In  a  citric 
acid/sulf uric  acid  rinse  was  used.  This  rinse  also  acts  as  an  adhesion  pro¬ 
moter  for  the  resist.  The  panels  were  then  rinsed  In  tap  water,  DI  water,  and 
air  dried. 


•  TABLE  4.  AMMONIUM  PERSULFATE  ETCH  DATA 


•QUAHB  MIT  MOCIUIQ 

1113.13 

coffin  rrcHio 

0.417  m/|M. 

•UMf  CAfACITV 

30  *. 

TOTAL  COfflf  ITCHIO 

1,340  at.  Cu 

i  M,  coffin 

0,0014  Inch 

l.*4  w  Cw  0,0014  inch 

1  it.  Cu 

*  0,0131  inch  Cu 

0.0111  in,  Cu  ITCHIO 

1 112.3*  n*  moccasin 

»  1.117  k  10'B  inch  Cu  ITCHIPMt2 

fnoctuiD 

144  in1 

-  0,7771  H2 

0.7771  h3*  1,1171  »  10-*lfl 

-  1.0774  »  IQ-*  in,  ITCHIO 

PHOTO  RESIST 

In  silictlng  a  resist  for  strlpllne  Imaging,  liquid  film  was  not  selected 
since  tha  application  of  thi  rtslst  to  substrata  would  require  high  capital 
Investment.  Slnca  this  facility  utilizes  dry  film  for  conventional  printed 
wiring  board  fabrication,  dry  film  was  salactad  for  the  strlpllnas. 

RESIST  LAMINATION 

Conventional  resist  laminators  designed  for  use  with  dry  films  apply  the 
resist  to  a  substrate  under  heat  and  pressure.  The  heated  rollers  on  the  1am- 
Inator  come  In  contact  with  tha  resist  and  transfer  heat  directly  to  the  sub¬ 
strate  (Figure  39).  Hughes, Tucson, does  not  preheat  boards  prior  to  lamination 
and  has  found  excellent  lamination  results.  '  Resist  lamination  parameters  for 
strlpllne  circuits  were  Identical  to  those  used  for  conventional  thin  laminate 
material.  These  are: 

5  *1/2  ft/ml n  throughput 

210  *5*F 

260  ±10  pounds  per  sq.ln.  air  pressure 
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Figure  39.  Resist  Lamination  Process 

RESIST  SELECTION 

At  the  onset  of  the  program,  an  experiment  was  conducted  to  establish  a 
resist  thickness  to  be  used.  The  thicknesses  of  dry  film  photoresists  available 
were  O.OOC6,  0.0015,  and  0.0030  Inch. 

Test  panels  of  O.OOfi  Inch  copper  clad  epoxy  glass  were  prepared  for 
resist  lamlnatlon.uslng  the  microetch  technique  described  earlier.  The  panels 
were  divided  Into  three  groups  and  each  laminated  with  a  different  resist 
thl ckness. 

Panels  from  each  group  were  then  exposed  using  artwork  with  a  known  line 
width  at  three  different  exposure  levels.  These  levels  were  62,  85,  and  100 
mJ/cm2  (mJ/cm2  ■  mllllJoules  per  centimeter  squared).  For  a  more  detailed 
description  see  exposure  section.  The  panels  were  then  processed  and  etched 
as  though  they  were  conventional  printed  wiring  boards. 

Mlcrosectlonal  analysis  of  each  of  the  panels  was  then  conducted  to 
determine  actual  reproduced  line  widths.  The  0.0015  Inch  thickness  resist 
performed  the  best.  The  other  resist  thicknesses  did  not  perform  as  expected 
and  were  abandoned  as  candidates,  as  depicted  In  Figure  40. 
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Figure  40.  Reproduction  of  Conductor  Width  versus  Expose  Level 


PHOTO  MASKS 

As  was  stated  earlier  in  this  report,  the  graphic  replication  techniques 
o  artwork  Is  one  of  the  most  Important  processes  in  fabricating-  a  functioning 
stripline  component.  Once  a  mylar  master  pattern  1$  received,  It  must  be 
subjected  to  a  stabilization  period  for  a  mlnlmun  of  24  hours  at  50  ±5  percent 
relative  humidity  and  72  +2*F  for  geometrical  positioning  to  be  dimensionally 
correct.  Glass  master  patterns  have  the  Inherent  advantage  of  being  stable  to 
environmental  changes  and  are  recommended  for  use  In  printed  wiring  board 
facilities  without  adequate  environmental  controls. 
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In  this  study, engineering  personnel  at  Hughes, Canoga  Park, provided  both 
mylar  and  glass  master  patterns.  The  glass  pattern  was  received  with  regis¬ 
tration  pins  already  attached  and  was  used  directly  In  production  (Fig¬ 
ure  41).  However,  the  mylar  master  pattern  was  treated  as  a  conventional 
printed  wiring  board  master  pattern  to  determine  if  any  special  handling 
techniques  would  be  necessary  to  produce  stripline  circuits  from  mylar  master 
patterns,  or  if  the  glass  master  pattern  was  the  only  alternative  for 
fabrication, 

The  following  Is  a  description  of  the  task  required  to  produce  a  produc¬ 
tion  dlazo  mylar  film  from  a  mylar  master  pattern,  using  manual  methods. 

Fabrication  Techniques  of  Mylar  Phototool 

1)  Duplicate  master 

2)  Check  duplicate  for  reproduction  of  line  widths  and  dimensional 
tolerance. 

3)  Register  tooling  pads  of  duplicate  masters  on  a  drill  template.  The 
drill  template  Is  described  in  the  machining  section  (Figure  42). 


Figure  41.  Example  of  a  Glass  Master 
as  Received 
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4)  Expose  "paste  up"  on  d1a20  (Figure  43). 

5)  Develop  diazo  (Figure  44), 

6)  Register  diazo  working  film  on  template  (Figure  45). 

7)  Punch  four  tooling  holes  (Figure  46). 

8)  Touch  up  film  (Figure  47). 
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Figure  42.  Manual  Step 
and  Repeat  Process 
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Figure  43.  Exposing  Diazo  Film 
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Figure  44.  Developing  Diazo  Film 


76 


Figure  45.  Registering  Film  on 
Artwork  Template 


Figure  47.  Touchl 


Figure  46.  Punching  Loose  F11 
Holes  on  Working  Film 


For  each  side  of  film, the  above  process  is  followed.  Most  printed  wiring 
board  facilities  have  the  capabilities  to  reproduce  masters  In  the  above  man¬ 
ner.  A  step  and  repeat  camera  may  be  used-  rather  than  the  manual  method,  but 
because  of  high  capital  Investment  costs  this  type  of  equipment  was  not 
obtained.  . 

RESIST  EXPOSURE 

An  experiment  was  conducted  to  establish  a  production  method  for  handling 
the  glass  master.  Of  first  Importance,  the  PC-24  expose  unit  vacuum  system 
had  to  be  modified  slightly  so  as  not  to  pull  more  than  8  pounds  of  vacuilm, 
to  prevent  glass  breakage.  This  consisted  of  putting  a  bleed  valve  In  the 
main  vacuum  line  to  a  tray.  Also,  a  fixture  with  cutouts  had  to  be 
designed  to  hold  the  glass  flush  to  the  registration  pins  during  vacuum 
drawdown,  o**  this,  too,  would  damage  the  glass  master  (Figure  48).  Once  this 
was  done'.,  the  glass  was  used  to  expose  test  panels.  Results  from  this  study  ara: 

•  Line  width  expected  -  0.031230 

e  .  Line  width  observed  after  etch; 

0.031828 
0.030989 
0.031784 
X  -  0.031534 
a  ••  0.0003 

The  same  experiment  was  conducted  with  a  diazo  mylar  film  set.  The 
vacuum  system  used  was  identical  to  that  used  in  conventional  printed  wiring 
board  Imaging.  Results  from  this  portion  are: 

•  Line  width  expected  -  0.031230 

•  Line  width  observed  after  etch: 

0.03152 
0.03202 
0.03176 
X  .  0.031767 
a  -  0.00054 
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Another  Important  feature  of  the  artwork  reproduction  Is  registration. 
After  etching,  microsections  were  made  of  each  sample  to  observe  layer  to 
layer  effort  at  the  point  of  coupling, as  depicted  In  Figure  37.  The  expected 
offset  was  1.0  X  10"4  Inches.  The  microsectional  analysis  Is  given  below: 


Glass  Offset 


01a2o 


0.000180  ■ 


0.00058 


0.000386 

0.000386 

0.000325 


0.00039 

0.00066 

0.000542 


Figure  48.  Example  of  Glass  Master 
and  Support  Fixture 

In  conclusion,  the  glass  pen  ormed  better  it;  all  aspects  of  line  delineation 
and  geometric  characteristics  location  than  the  mylar  phototool. 

The  main  disadvantage  of  glass  is  its  high  replacement  cost.  But  with 
proper  handling  procedures  the  life  of  a  glass  master  may  prove  to  outweigh 
Its  high  cost. 

Current  advances  in  glass  master  fabrication  techninues  have  made  repro¬ 
duction  of  conductor  conf Iguratiori  and  geometrical  feature  retention  consider¬ 
ably  finer.  However,  without  all  processes  strictly  control  led, no  matter  how 
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accurately  an  artwork  Image  Is  reproduced  on  a  glass  master,  processing  errors 
can  be  significantly  greater.  With  Increasing  process  control  capabilities, 
glass  master  and  glass  master  working  tools  will  be  of  prime  consideration  In 
strlpllne  fabrication.  For  the  remainder  of  this  program,  dlazo  working  film 
was  used. 

In  an  attempt  to  provide  Canoga  Park  with  deliberately  mlsreglstered  3  dB 
quad  strlpllne  components,  several  artwork  sight  templates  were  fabricated. 
Each  of  them  differed  slightly  In  the  location  of  the  lay-up  tooling  holes 
(targets)  as  described  In  Table  5;  where  the  X  direction  represents  the  longi¬ 
tudinal  direction  of  the  3  d8  quad  (Figure  35). 

Each  of  the  four  films  described  above  was  used  as  the  front  side  pat¬ 
tern,  while  a  zero  offset  pattern  was  used  as  the  rear  side.  Unfortunately, 
the  actual  offset  differed  significantly  from  the  observed  offset  as  deter¬ 
mined  by  micro sectional  analysis  along  both  the  X  and  Y  axis.  The  data 
obtained  are  listed  In  Table  6. 


TABLE  5.  TOOLING  HOLE  OFFSET 


1, 

X 

0,0000  InOhct 

V 

0.0030  InchM 

J. 

0.0000  InchM 

0.0060  inchtt 

3. 

0,0060  InchM 

0.0000  InchM 

4. 

0.0060  InchM 

0,0000  InchM 

TABLE  6.  MICROSECTIONAL  ANALYSIS  RESULTS 
OF  TOOLING  HOLE  OFFSET 


ANTICIPATED 

OaSSRVSD 

WOVEN 

NON-WOV  6N 

X 

Y 

X 

Y 

X 

Y 

0.0000  in. 

0.0030 

0.0006 

0.0000 

0.0008 

0.0000 

0.0000  In. 

0.0060 

Q.001 1 

0.0016 

0.0069 

0.0033 

-0.0060  in. 

0.0000 

'  0.0031 

0.0040 

0.0042 

0.0030 

0,0060 

o.oooo 

0.0088 

0.002? 

0.0066 

0.0011 
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As  was  mentioned  In  the  resist  selection  section,  the  0.0015  Inch  resist 
was  selected  for  use  In  this  program  as  a  result  of  its  Initial  performance  of 
expose  level  measured  In  mJ/cnr  versus  conductor  width  reproduction. 

From  Figure  40  the  equation  of  the  line, 


where 


Y  »  2036.95  +578.19  In  X 


X  «  final  conductor  width  In  inches,  and 

2 

Y  m  predicted  expose  level  In  mJ/cm 


(12) 


was  solved  for  X  »  0.03398,  the  actual  artwork  line  width.  Therefore, 

Y-  2036.95  +578.19  In  (0.03398) 

-  2036.95  +578.19  (-3.38) 

•  2036.95  +(-1955.43) 

■  81.52  mJ/cm2 

In  conclusion,  for  0.0015  Inch  dry  film  resist,  an  exposure  level  of 
81.52  mJ/cm2  was  necessary  to  obtain  the  actual  line  width  of  0.03398  inch. 

As  a  method  of  determining  expose  level  and  film  speed  of  the  photoresist, 
ultraviolet-visible  (UV-VIS)  spectrophotometry  was  used.  This  Investigation 
illustrates  a  new  technique  In  optimizing  the  exposure  process  and  should  be  a 
viable  aid  In  production  control. 

The  chemical  reaction  that  occurs  when  a  photoresist  Is  exposed  by 
subjecting  it  to  Intense  ultraviolet  radiation  can  be  depicted  as: 


M,,  E 

2  3  x  -  360  nm  23 

where 

M-|  ■  reaction  catalyst, 

■  unexposed  open  ended  reactant  monomer, 

■  unexposed  single-open  ended  monomer, 

>  reaction  product,  and. 


(13) 
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driving  fore*  of  the  reaction 


_ e 

I  -  JWnm 

The  proposed  reaction  goes  to  completion  when  sufficient  energy  has  been 
absorbed  so  that  all  M?  and  monomers  have  reacted  to  form  the  MgMg 
polymer.  This  energy  term  Is  given  by: 

E  I  X  t  (14) 

where 

2 

E  ■  tntrgy  expressed  In  mO/cm 

3 

I  -  Intensity  expressed  In  mW/cm 
t  -  exposure  time  expressed  In  seconds. 

Therefore,  by  determining  the  relative  degree  of  reaction  as  a  function  of 
Incident  energy, the  exposure  process  can  be  quantified  Independently  of  resist 
processing. 

The  magnitude  of  the  energy  Incident  on  the  resist  may  be  determined  by 
measuring  the  output  Intensity  of  the  exposure  unit  and  the  duration  of  the 
exposure.  Since  the  reaction  product  is  strongly  absorbing  In  the  UV  region, 
the  quantification  of  the  relative  degree-of  reaction  can  be  obtained  using 
UV /VIS  spectrophotometry. 

The  PC24  expose  unit's  top  tray  lamp  Intensity  Incident  on  the  vacuum 

frame  (l.e.,  no  film  was  used)  was  mapped.  The  range  of  Intensity  was  found 

2 

to  be  from  13  to  17.7  mW,  Isometric  lines  were  drawn  to  represent  mJ/cm 

based  on  a  constant  exposure  duration  (see  Figure  49).  A  maximum  deviation  of 

2 

20  mj/cirr  can  be  observed  over  the  entire  PC24's  top  frame,  top  lamp.  By 
exposing  In  the  upper  center  portion  of  the  unit,  exposure  energy  will  remain 
constant.  Exposures  taken  close  to  the  front  or  at  the  sides  of  the  troy  will 
be  significantly  lower  than  the  rear,  and  will  affect  critical  line 
replication. 

Eight  samples  were  taken  from  a  400  foot  roll  of  0.0015  inch  resist  using 
a  specially  fabricated  resist  slide  holder.  Each  sample  was  placed  sequen¬ 
tially  in  the  center  location  of  the  PC24's  top  vacuum  frame  and  exposed  from 


INTENSITY  MAP 
TOP/TOP  TRAY 

pc  24  r.-as-ai 


a  IN  mKllcms 

ACTUAL  MEASURED 

O  REPRESENTS  A 
w  RELATIVE  EXPOSURE 
ENERGY  POR  THAT 
ISOMETRIC  LINE 
EXPRESSED  IN  mj/em3 


Figure  49.  Light  Intensity  Distribution  over  Entire  Expose  Area 

the  top  for  Increasing  durations  (see  Table  7).  After  exposures,  the  samples 
were  Immediately  taken  to  the  process  control  laboratory  in  a  sealed  light¬ 
proof  bag  for  analysis. 


INCIDENT  ENERGY  (E)  (I  •  17. 7mW/cnT) 


EXPOSURE  SECONDS 


INCIDENT  ENERGY 
ElmJ/cm3) 


A  Perkln-Elmar  UV— VIS  Spectrophotometer  Modal  No,  552  was  then  used  to 
determine  all  spectral  responses  of  the  resist.  When  sampling  the  unexposed 
resist,  no  reference  cell  was  used.  In  all  other  cases,  a  sample  of  unexposed 
resist  was  used  as  the  reference  cell. 

Figure  50  presents  a  spectral  scan  of  the  unexposed  resist.  The 
prominent  features  of  this  scan  are,: 

1)  Absorption  peak  at  620  nm. 

2)  Continual  absorption  of  light  below  400  nm. 

3)  Shoulder  at  330  nm. 

The  absorption  peak  at  620  nm  represents  the  dye  used  In  the  resist.  The 
dye  Is  not  chemically  related  to  the  reaction  product  polymer  but  Is  a  visual 
aid  In  Identifying  unexposed  and  exposed  resist.  The  continual  absorption  of 
light  below  400  nm  and  the  shoulder  at  330  nm  represent  the  catalyst  and  Mg, 
M3,  or  both  (from  Equation  9).  The  Isolation  of  single  component  peaks  can¬ 
not  be  done  since  an  Incomplete  data  set  exists  at  this  time.  If  a  greater 
data  base  can  be  obtained,  It  may  be  possible  to  use  a  standard  spectrum  of  a 
known  "good"  resist  sample  to  compare  an  Incoming  resist  lot  for  defect.  This 
technique  could  provide  a  practical  method  for  Incoming  resist  Inspection. 

Next,  an  exposed  resist  sample  was  placed  In  the  cell  and  a  continuous 
scan  taken.  It  Is  considerably  different  from  the  unexposed  resist  because  of 
the  presence  of  the  reaction  product  Mg,  Mj  In  the  314  to  317  nm  range 
(see  Figure  51). 

The  remainder  of  the  samples  of  resist  exposed  for  various  durations  were 
each  subjected  to  UV  absorption  analysis  at  315.5  nm.  The  results  obtained 
are  shown  In  Figure  52  and  Table  8. 

Based  on  this  Investigation,  It  Is  possible  to  calculate  the  best  expo¬ 
sure  setting  for  a  given  resist  lot  by  measuring  the  intensity  output  of  the 
exposure  unit  lamps,  exposure  duration,  and  the  UV  response  of  a  sample 
specimen.  For  constant  exposure  the  absorbance  values  should  not  change  for  a 
given  sample  of  resist.  However,  lot  variations  In  resist  film  speeds  may 
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Figure  52.  Relative  Absorption  of  Resist  versus  Incident  Energy 


TABLE  8.  RELATIVE  ABSORBANCE  VERSUS 
E  (0.0015  INCH  RESIST) 

I  - - 13 


SAMU* 


MLATIV1 

AHOBFTION 


offset  the  absorbance  values.  From  the  standard  curve  a  compensation  factor 
In  exposure  energy  can  be  established  to  ensure  repeatable  exposures  from  lot 
to  lot  of  photoresist. 

RESIST  PROCESSING 

Based  on  prior  sections  of  this  report,  accurate  and  repeatable  process 
control  Is  necessary  to  maintain  the  line  delineation  required  of  stripline 
components.  Resist  processing  or  development  Is  not  Immune  to  these 
requirements. 

To  establish  optimum  processing  techniques,  an  experiment  was  conducted 
to  establish  the  development  time  that  would  be  required  to  reproduce  a  cal¬ 
culated  exposure  level  (In  mJ/cm2)  while  all  other  variances  were'held 
constant.  These  constants  were  exposure  energy  (93  mJ/cm2),  developer 
temperature,  and  spray  pressures  (see  Table  9).  Board  surface  preparation 
techniques  were  conducted  as  described  In  the  microetch  section  of  this 
report.  Resist  lamination  processes  were  conducted  as  mentioned  earlier. 

After  resist  lamination  the  boards  were  held  1’5  minutes  before  exposing 
to  allow  for  sufficient  cooling  of  the  polymer.  The  calculated  exposure  set¬ 
ting  was  93  mJ/cm2  based  on  the  Riston  17  step  density  tablet  or  gray  scale. 
This  gray  scale  measures  exposure  energies  by  allowing  resist  polymerization 
on  only  those  areas  where  the  energy  Is  great  enough  to  exceed  the  density  of 
the  scale.  The  results  from  this  study  Indicate  that  an  81  second  development 
time  was  necessary  to  obtain  the  calculated  exposure  energy.  It  also  proved 
that  an  underdeveloped  sample  will  show  an  apparent  Increase  In  exposure  while 
an  overdeveloped  sample  will  show  an  apparent  decrease  In  exposure  (see 
Figure  53  and  Table  10). 

Since  surface  preparation  affects  resist  adhesion  and  hence  can  change 
apparent  exposure  energies,  an  experiment  was  conducted  to  quantify  this  after 
processing.  While  holding  development  processing  variables  as  established 
earlier  In  this  section,  various  board  surface  preparation  techniques  were 
tried  and  their  relation  to  exposure  energy  directly  observed. 


TABLE  9.  DEVELOPMENT  TIME 


TABLE  10.  OPTIMUM  DEVELOPMENT  TIME 


DEVELOPMENT  TIMI  -  M°f 

SPRAY  PRESSURE  CHAMBER  1  ■  MIDI. 

2  •  IS  lb*. 

3  •  IBIbt. 

WATCH  RINSC  4  •  18  lb*. 

EXPOSURE  •  SOniJ 
RESIST  ■  0,0011  Inch 


nKinON  VIED,  SECONDS 

EXPOSURE  OBSERVED, .mj/om1 

S8 

•7.B 

7* 

SJ.t 

11 

SS,0 

M 

v.t 

U 

sa.9 

•a 

70,4 

M 

79.4 

OPTIMUM  DEVELOPMENT  TIME  - 

El  SBCONDE 

CALCULATED 


EXPOSE*  S3  mJ/em1 
DEV.  TBMP*SE®P 
MICHOETCHE&  BOARD  SURPACE 


F Igurc  53.  Developer  Speed  versus  Apparent  Exposure 
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Four  types  of  board  surface  preparation  techniques  Mere  tested.  These 

were: 

1)  Mechanical  brush  scrubbing  using  3M-600  grit  brushes  (Figure  54). 

2)  Vapor  honed/electroless  plated  (Figure  55). 

3)  Oxide  treated  (Figure  56). 

4)  Microeteched  (Figure  57). 

2 

The  expected  exposure  energy  held  after  all  processing  was  93  mJ/cm  . 

The  results  of  this  study  Indicate  that  the  mlcroetched  and  vaporhoned/ 
electroless  plated  surfaces  provided  the  most  uniform  surface  for  optimum 
resist  processing.  The  oxide  treated  surfaces  provide  good  results  while  the 
mechanically  scrubbed  surface  showed  random  results  (see  Figure  58). 

ETCHING 

Currently,  Hughes  Tucson  utilizes  a  DEA  24  Inch  conveyorized  etch  and 
clean  system  with  alkaline  etchant  chemistry.  Other  etchants  and  machine 
designs  were  not  tested  during  this  program. 

The  typical  alkaline  etching  parameters  for  conventional  printed  wiring 
board  fabrication  were  used  In  etching  all  strlpllne  substrates.  These 
nominal  values  are: 

Temperature  •  120*F 

Copper  Concentration  ■  20  oz/gal 

Ha11<!e  Concentration  -  5.3  moles  per  liter 

pH  «  8.4 

The  conveyor  speeu  was  adjusted  as  necessary, utilizing  boards  of  similar  cop¬ 
per  thickness  as  the  strlpllne  substrates.  Typical  etch  rates  were  between 
1.4  and  1.6  mlls/mln  at  120*F.  The  reason  for  this  large  fluctuation  in  etch 
rate  can  be  attributed  to  Inadequate  control  of  etchant  solution  chemistry  as 
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Figure  54'.  Mechanically  Scrubbed 
Copper  Surface  (100X) 


Figure  55.  Vapor  Honed/Electroless 
Copper  Deposition  Surface  (100X) 


Figure  56.  Oxide  Treated  Copper 
Surface  ( 1C0X } 


Figure  57.  Mlcroetched  Copper 
Surface  (100X) 
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Figure  58.  Board  Surface  versus  Apparent  Exposure  Energy 

depicted  In  Figure  59  and  Table  11.  These  fluctuations  are  typical  In  systems 
controlled  by  specific  gravity  alone  as  Is  the  system  used  In  this  Investiga¬ 
tion.  Excessive  decreases  In  pH  caused  by  evaporation  of  ammonia  and 
decreases  In  halide  concentration  due  to  complex  formation  with  copper  can  be 
minimized  by  operating  the  system  continuously. 

Continuous  operation  allows  smaller  replenishment  additions  and  reduces 
control  lag.  The  system  used  In  this  Investigation  was  not  operated  continu¬ 
ously.  At  start  up  the  pH,  halide,  baume,  and  copper  concentration  were  mea¬ 
sured  and  approximate  bulk  additions  were  made  to  establish  the  bath  at  nomi¬ 
nal  control  limits.  The  result  Is  the  discontinuity  In  etchant  chemistry 
stability  as  seen  In  Figure  59. 

By  using  sample  panels  to  set  conveyor  speeds,  these  deviations  in  chem¬ 
istry  imbalance  were  compensated,  for  arid  excellent  etching  characteristics 
were  achieved.  Undercut  factors  were  measured  and  found  to  be  typically  less 
than  0.0005  Inch  (see  Table  12). 

Data  analysis  was  conducted  on  a  sample  of  thirty-two  3  OB  quad  circuit 
traces  to  determine  the  line  width  after  etching  utilizing  the  previously 
established  optimum  processing  techniques  (Table  13).  The  expected  line  width 
was  0.03123  Inch.  The  average  observed  line  width  was  0.03170  or 
+0.00047  Inch  deviation.  Table  14  depicts  the  percent  yield  based  on  decreas¬ 
ing  acceptable  line  width  deviations. 


Figure  59,  Alkaline  Etchant  Chemical  Stability 


As  can  be  seen  in’the  data  from  Table  14, as  line  tolerances  decrease 
effective  yields  also  decrease.  More  stringent  control  of  line  replication 
technique  needs  to  be  developed  to  Increase  yields  on  those  circuit  traces 
requiring  1  to  1  replication  through  the  etching  process. 
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TABLE  11.  ALKALINE  ATTACHMENT  DATA 


DAT! 

pH 

Cu 

HALIDE 

a* 

OATS 

pH 

Cu 

HALIDE 

B« 

6/10/11 

8.2 

116 

214 

28.5 

10/08/11 

85 

16.8 

28.6 

27  0 

e/i i/bi 

8.8 

18.0 

28.8 

28.6 

10/09/81 

8.8 

116 

28.8 

26.3 

e/ie/ai 

8.8 

18.6 

28.9 

26.0 

10/12/81  . 

IS 

19.4 

‘  26  4 

28  0 

6/18/81 

8.6 

16.8 

26.0 

26.4 

10/13/81 

8.8 

17.0 

28.2 

26.2 

e/17/81 

a.3 

19.0 

28.4 

28.8 

10/16/81 

8.8 

18.2 

26.1 

26  5 

s/ia/ai 

8.4 

19.4 

28.8 

38.0 

10/18/81 

8.8 

15.2 

26  8 

26  8 

8/19/81 

8.8 

19.4 

28.7 

25.0 

10/19/81 

a.  a 

17.4 

23.5 

26  6 

8/23/81 

8.7 

18.2 

22.6 

26.0 

10/20/81 

88 

18.2 

23.8 

26  4 

8/23/81 

8.8 

16,4 

28.4 

.  26.1 

10/21/81 

8.7 

17.0 

24  0 

28.6 

8/24/11 

1.6 

18.6 

28.0 

'  18.2 

10/32/81 

8.6 

18.2 

24.5 

286 

8/28/81. 

8.4 

18  6 

28.8 

113 

10/33/81 

8.88 

114 

211 

268 

6/28/81 

83 

ISO 

219 

18.0 

10/28/81 

I.SO 

22.0 

23  12 

28.9 

6/30/81 

8.6 

15.6 

28.4 

118 

10/27/81 

6.6 

18.8 

28.2 

26  4 

7/01/81 

8.6 

18.2 

28.1 

28.1 

10/29/81 

6.9 

26.0 

28.0 

26.5 

7/02/81 

8.8 

19.1 

23.8 

16.1 

10/30/81 

9.4 

21.6 

26.4 

26.5 

7/03/81 

8.7 

17.7 

24.8 

28.0- 

11/04/81 

8  8 

17  8 

23  6 

27  0 

7/07/81 

8.3 

17.8 

24.1 

26.4 

11/08/81 

8  8 

17.4 

23  2 

26 .7 

7/09/81 

8.6 

15.4 

24.8 

26.5 

11/08/81 

8  8 

17.4 

22.6 

26.5 

7/10/81 

a.s 

18.6 

24.8 

28.7 

1 1 /09/BI 

s.a 

17.8 

21.7 

26.6 

7/13/81 

8.4 

18.8 

288 

28.8 

11/10/81 

18 

21.2 

23.6 

28.6 

7/14/81 

8.5 

16.8 

38.8 

28.8 

11/11/81 

8.8 

21.4 

23.7 

26.4 

7/18/81 

8.6 

118 

210 

28,6 

11/12/81 

8.8 

21.2 

23.5 

26  6 

7/18/81 

8.8 

18.2 

28.8 

28,7 

11/13/81 

8.8 

21.4 

23.6 

266 

7/20/81 

8.4 

23.4 

24  8 

28.4 

11/17/81 

8.8 

18.2 

24.0 

26  6 

7/21/81 

8  8 

20.2 

24.4 

28.0 

11/18/81 

8.7 

17.2 

24  2 

26.6 

7/22/81 

8.6 

19.4 

22.6 

26.4 

11/19/81 

8.8 

17,8 

23.0 

26.7 

7/23/81 

8.3 

18.2 

28.9 

38,7 

11/21/81 

8.76 

112 

236 

2178 

7/24/81 

sa 

18.0 

215 

24.2 

11/24/81 

8.8 

21.2 

23.1 

26.8 

7/27/81 

8.4 

16.4 

24  2 

212 

11/31/81 

8.8 

20.78 

22.5 

26.6 

7/28/81 

8.6 

17.3 

211 

218 

12/01/81 

8.8 

20.4 

22.6 

26.7 

7/29/81 

8.3 

18.0 

28.0 

26.0 

12/02/81 

B.7 

20.8 

26.7 

26.9 

7/30/81 

8.2 

16.0 

28.5 

318 

12/03/81 

8.8 

20.2 

28,8 

27.0 

8/03/81 

8.4 

16.5 

210 

26.3 

12/07/81 

8  8 

20  9 

23.6 

217 

8/10/81 

8.3 

IB  2 

24.3 

28.3 

12/14/81 

87 

20.4 

25  4 

26.2 

8/11  /ai 

8.7 

1  B.4 

28.0 

26.1 

12/18/81 

8.6 

20.6 

26.0 

268 

a/12/81 

B.8 

160 

26.2 

28  2 

12/16/81 

88 

19.4 

212 

26  2 

8/14/81 

836 

186 

28.8 

26.3 

12/17/81 

8,7 

20.4 

24.2 

28.8 

8/24/ai 

8.40 

17  0 

28.5 

28  3 

12/18/81 

8.5 

21  2 

23  6 

27.0 

8/28/81 

8.40 

17.4 

28.4 

28.5 

12/21/81 

8.7 

28.4 

34.5 

264 

8/28/81 

8.3 

14.4 

28.2 

27.0 

'  /OS/83 

8.6 

20.4 

23.5 

26.10 

8/27/81 

8.6 

16.2 

23.2 

216 

1/08/82 

886 

20.4 

236 

264 

9/02/81 

8.6 

17.4 

23  8 

28.0 

1/07/82 

3.6 

20.4 

23.7 

266 

9/03/81 

8.8 

17.2 

23. a 

288 

1/14/82 

8.4 

19.8 

24  0 

26.7 

9/04/81 

a.4 

184 

23.8 

28  2 

1/18/82 

3.5 

18.6 

28.0 

25.0 

9/08/81 

9.9 

13.8 

23  1 

35.8 

1/18/82 

8.4 

18.6 

25.1 

25.6 

9/09/81 

8.8 

21.2 

23.5 

28.0 

1/21/82 

3.36 

21  0 

213 

26- 2 

9/14/81 

s.a 

16.8 

24.5 

25.9 

1/22/82 

8.40 

21.4 

26.4 

27.4 

9/16/81 

8  8 

19.4 

24  0 

26,3 

1/26/82 

B.2 

OS 

26.4 

270 

9/21/81 

a  a 

21.2 

18.8 

27.0 

1/27/82 

8.2 

20  6 

26  0 

27.0 

9/23 /ai 

8.6 

22,4 

22.6 

26.2 

1/28/82 

8.0 

20.4 

26.8 

27  0 

9/24/81 

8.8 

20.0 

23.2 

28.4 

2/01/82 

8  1 

20.6 

26  8 

27.5 

9/28/81 

8.8 

17  0 

25.1 

25.9 

2/02/82 

8  1 

20  4 

28  8 

27.3 

10 /0B/B1 

8.7 

14  Q 

25  3 

26  5 

2/08/87 

8  2 

20  6 

25  0 

27.0 

10/06/81 

8.6 

1  7.2 

28.1 

26  8 

2/11/82 

SB 

20.8 

216 

21.9 

10/07/81 

86 

110 

26.5 

26  2 

93 
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TABLE  12.  UNDERCUT  DATA 


SAMPUI  NUMIIft 

UN06HCUT 

1 

a 000443 

I 

a 0004 70 

1 

0.000430 

4 

.  0.0006U 

5 

O.OOOBM 

e 

0.000467 

7 

0.000366 

a 

0.000337 

TABLE  13.  LINE  WIDTH  FREQUENCY 


VALUI COUNT 

PIRC6NT 

VALUI COUNT 

P69C8NT 

VALUI COUNT 

MNC6NT 

0.03033 

1 

3.1 

0.03134  1 

40.6 

0.03319 

1 

710 

0.03061 

1 

6.3 

0.03163  1 

43.8 

0.03331 

1 

711 

0.03063 

1 

9.4 

0.03161  1 

419 

0.03346 

3 

144 

0.03067 

1 

116 

0.03163  1 

60.0 

0.03366 

1 

87.6 

0.03096 

1 

166 

0.03176  1 

63.1 

0.03310 

1 

90.6 

0.03101 

1 

16.6 

0.03194  1 

66.3 

0.03373 

1 

93.8 

0.03104 

1 

31.9 

0.03196  1 

194 

0.03377 

1 

96.9 

0.03106 

1 

310 

0.03303  1 

6X6 

0.03367 

1 

100.0 

0.03100 

3 

34.4 

0.03309  1 

66.6 

0.03130 

1 

37.B 

0.03311  3 

71.9 

I 

S 


TABLE  14.  LINE  WIDTH  DEVIATIONS 


OBVIATION 

AIMOBNT 

MOM  ACTUAL 

HANOI 

WITHIN  OBVIATION 

*0  0010 

0.03333  -  0.03030 

74.0 

*0.0004 

0.03173  -  0.03073 

410 

*0.00039 

0.03144  -  0.03004 
0.03141  -  0.03103 

>3.3 

*0.0001 

0.03133  -  103110 

10.7 

*0.00004 

0.03134  -  0.03110 

3.1 

*0.0030 

0.03373  -  0.03173 

13.1 

*0.0011 

0.03333  -  103433 

100.0 
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SECTION  IX 
MACHINING 


INTRODUCTION 

As  previously  suggested,  the  manufacture  of  RF  stripline  Involves  a 
series  of  diverse  steps  and  processes.  Board  machining  represents  one  of  the 
key  steps  In  achieving  a  reproducible  fabrication  process  with  the  precision 
demanded  by  RF  strlpllne  components.  The  RF  strlpllnes  were  fabricated  using 
an  Excellon  III  numerical  control  drill  machine  and  an  Excellon  Route  Master 
numerically  controlled  router.  The  capabilities  of  the  N/C  drill  machine  with 
regard  to  expected  accuracy  and  repeatability  (consistency)  had  been  previ¬ 
ously  Investigated  (see  Appendix  C).  The  study  indicated  that  the  Individual 
axis  deviation  (not  the  true  position,  which  Is  a  composite  of  two  separate 
axis)  was  approximately  0.0004  Inch.  The  accuracy  and  repeatability  of  the 
N/C  router  are  currently  being  Investigated.  A  substantial  database  Is  not 
available  for  reporting  at  this  time. 

N/C  IMPLEMENTATION 

The  following  sections  offer  a  brief  summary  of  the  procedures  Involved 
in  the  CAD/CAM  -  assisted  output  of  N/C  drill  and  route  programs. 

The  CAM  system  at  Hughes  Tucson  consists  of  a  CV  Model  CGP100  CPU  and 
tape  drive  (Figure  60),  as  well  as  peripheral  equipment  Including  the  CV  19/3 
Graphics  Terminal  (Figure  61),  Decwrlter  Keyboard  and  Numerldex  9800  Punch, 
and  the  Versatec  Plotter. 

In  the  Initial  step  of  the  Implementation  procedure,  Hughes  Tucson  was 
supplied  with  a  CAO  database  In  the  form  of  a  magnetic  tape.  From  the 
supplied  database,  the  Information  that  Is  pertinent  to  N/C  drill  and  route 
Implementation,  l.e. ,  the  location  and  size  of  drilled  holes  and  the  board 
contour,  was  extracted  (Figure  62).  This  Information  then  becomes  the  basis 
for  the  CAM  database  from  which  the  N/C  drill  and  route  programs,  in  the  form 
of  machine  readable  EIA  paper  tapes,  are  created. 
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Figure  61.  Graphics  Tenminal 


Figure  62.  Extracted  CAD  Data 

The  CAM  database  Is  built  using  the  information  extracted  from  the  CAD 
database  as  well  as  several  prebuilt  library  parts, Including  test  patterns  and 
panel  representations  that  have  been  preorientated  to  the  Excellon  III  machine 
zero.  The  panel  representation  Is  inserted  Into  the  database,  and  the  board 
is  moved  onto  the  panel.  Copies  of  the  board  are  then  arranged  on  the  panel 
in  such  a  way  as  to  provide  a  symmetric  layout  for  artwork  registration  and 
pattern  plating  (Figure  63).  If  test  patterns  were  required,  they  would  be 
inserted  at  this  time  with  appropriate  hole  size  properties.  Next,  holes  of 
each  size  are  sorted  with  respect  to  other  holes  for  the  same  size,  and  opti¬ 
mum  machine  paths  are  constructed  for  each  tool  (Figure  64).  Then  Information 
In  each  CAM  toolpath  is  processed.  Machine  codes  Including  tool  changes,  step 
and  repeats,  and  machine  feeds  and  speeds  are  also  added.  The  finished  pro¬ 
duct  Is  a  text  file  that  Is  punched  on  a  machine-readable  EIA  paper  tape.  The 
accuracy  of  the  production  tape  is  then  verified,  and  templates.  Including  one 
for  artwork  registration,  are  produced. 

Router  programs  are  created,  using  the  same  CAM  database.  First,  a  copy 
of  the  board  contour  Is  moved  a  predetermined  amount  off  the  panel  to  compen¬ 
sate  for  the  differences  In  machine  zeros  from  the  drill  to  the  router. 
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Figure  63.  Automatic  Stap  and  Repeat  '  Figure  64.  Construction  of  Drill 
of  Hole  Listing  on  Processing  Panel  Tool  Path 


Next,  a  modified,  vendor- supplied  tooling  program  Is  executed  by  digitis¬ 
ing  each  entity  composing  the  board  contour  (Figure  66).  Machine  steps  and 
repeats,  as  well  as  machine  feeds  and  speeds,  are  Inserted  directly  during 
execution  of  the  program.  Finally,, the  machine-readable  EIA  paper  tape  Is 
punched  using  a  vendor  supplied  postprocessor.  The  accuracy  of  the  tape  Is 
once  again  verified  and  production  contour  verification  templates  are  produced. 
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SECTION  X 

MULTILAYER  LAMINATION 


Lamination  In  the  usual  printed  wiring  board  application  Is  the  process 
by  which  Individual  Inner  layers, composed  of  a  previously  bonded  dielectric 
material  and  copper  with  a  circuit  pattern  etched  into  it, are  bonded  to  one 
another  by  use  of  an  adhesive.  This  lamination  Is  performed  In  large  platen 
presses  under  control  Ted  temperature  and  pressure.  During  this  process  the 
adhesive  fills  all  voids  In  the  etched  circuit  patterns  and  bonds  the  Indivi¬ 
dual  layers  together. 

REGISTRATION  AND  TOOLING 

Holding  layer  to  layer  registration  of  circuit  pads  during  the  lamination 
process  Is  of  major  Importance  to  the  Intended  function  of  a  printed  wiring 
board.  Registration  Is  kept  by  the  use  of  tooling  pins  and  lamination  fix¬ 
tures  (see  Figure  66),  Multilayer  lamination  usually  requires  multiple  pin¬ 
ning  to  aid  layer  to  layer  registration.  Location  and  configuration  of  the 
pins  directly  Influence  material  shrinkage  and  panel  size  restrictions.  The 
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fixture  | 

INNERLAYEfl 
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Figure  66.  Lamination  Fixture  with 
Tool ing  Pin 
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optimum  lamination  flxtura  has  an  expansion  rate  which  closely  matches  that  of 
the  Inner  layers  to  minimize  the  thermal  stresses  Induced  between  them  and  the 
tooling  pins.  It  must  also  be  durable  and  remain  hardened  after  many  hours  of 
thermal  cycling.  The  fixture  plates  should  be  thicker  than  the  tooling  pin 
diameters  for  vertical  stability  and  registration.  A  polished  surface  will 
provide  for  a  smooth  surface  In  contact  with  the  outer  layers  which  must  still 
be  Imaged  with  a  circuit  pattern,  thereby  preventing  voids  caused  by  dents  and 
scratches  during  lamination. 

The  most  comon  platen  presses  are  either  steam  or  electrically  heated. 

A  hydraulic  oil  system  provides  pressure.  Electric  presses  must  be  used  when 
lamination  temperatures  In  the  400*F  range  are  required. 

DETAIL  HANDLING  AND  SURFACE  PREPARATION 

Besides  layer  to  layer  registration,  another  major  concern  for  multilayer 
lamination  Is  a  product  that  Is  free  of  voids  and  laminated  well  enough  to 
withstand  all  thermal  shock  requirements. 

All  adhesives,  whether  they  are  B-stage  resins  or  bonding  films,  are  easily 
contaminated  with  moisture,  solvents  and  foreign  material.  Therefori,  handling 
and  storago  procedures  are  very  Important  to  prevent  delaminatlon  problems 
resulting  from  Internal  contamination.  The  maintenance  of  all  adhesive  prop¬ 
erties  such  as  flow,  type,  volatiles  content,  etc.,  Is  Important  to  assure  a 
consistently  successful  process.  Therefore,  receiving  Inspection  of  .these 
properties  Is  also  an  Important  consideration  for  any  printed  wiring  board 
manufacturer. 

Keeping  the  Inner  layers  from  contaminants  Is  Just  as  essential  to  avoid 
delaminatlon  as  It  Is  for  the  adhesive.  Also  of  consequence,  the  surface  of 
the  Inner  layer  must  be  prepared  to  optimally  accept  the  adhesive  so  that  bond 
strength  will  be  at  its  maximum.  For  B-stage  resins,  the  oxide-coated  copper 
of  the  Inner  layers  mechanically  keys  to  the  rough  surface  of  the  B-stage, giv¬ 
ing  acceptable  peel  strengths  per  the  military  requirements.  For  PTFE  sub¬ 
strate  printed  wiring  boards  that  are  laminated  using  a  bonding  film,  a  sur¬ 
face  etch  must  be  performed  on  the  PTFE  material  to  promote  adhesion. 
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LAY-UP  PROCEDURES  AND  PRESS  CYCLES 


The  multilayer  bond  package  should  be  assembled  In  a  clean  room  environ¬ 
ment  where  temperature,  humidity,  and  air  quality  are  constant  and  control¬ 
led.  A  typical  lay-up  consists  of  the  Inner  layer, made  up  of  dielectric 
material  and  copper;  adhesive  sheets;  the  lamination  fixtures  with  the  appro¬ 
priate  tooling  pin  system;  release  sheets, which  protect  the  fixtures  from 
resin  squeeze  out  If  S-stage  Is  used  as  the  adhesive;  and  suitable  padding, 
such  as  Kraft  paper  or  a  silicone  rubber  pad,  which  compensates  for  any  devia¬ 
tions  In  press  platen  flatness  and  controls  the  rate  of  temperature  rise  In 
the  laminate.  To  Increase  press  capacity,  more  than  one  multilayer  may  be 
bonded  by  use  of  a  stacking  procedure  where  steel  plates  between  the  laminate 
stacks  prevent  circuit  Image  transfer  between  them.  The  number  of  stacks  pos¬ 
sible  Is  dependent  on  the  heat  transfer  rate  through  the  lay-up  and  the  abil¬ 
ity  of  the  tooling  pins  to  hold  registration  throughout  the  stacking  (see 
Flgurq  67) . 

The  press  parameters  of  temperature  (T),  pressure  (P),  and  time  (t)  are 
determined  by  the  type  of  adhesive  used.  B-stage  and  bonding  film  manufac¬ 
turers  provide  recommended  procedures  and  cycles,  but  P,  T,  and  t  settings 
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Figure  67.  Typical  Layup  Scheme  Showing  One  Stack 
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must  be  optimized  for  the  Individual  printed  wiring  board  fabricator  under  the 
following  guidelines  and  goals: 

1)  The  adhesive  must  flow  so  that  circuit  void  areas  are  filled,  and 
entrapped  air  escapes. 

2)  Initial  pressures  must  damp  the 'individual  layers  In  place, 
reducing  laminate  shift  through  the  cycle. 

3)  The  required  degree  of  cure  for  S-stage  resin  or  adhesion  for 
bonding  films  must  be  reached  through  the  correct  combination  of 
time  and  temperature. 

Optimum  press  parameters  may  be  verified  visually  by  examining  multilayers  for 
measles  and  delaminations, and  analytically  by  performing  peel  tests  and  glass 
transition  temperatures. 

STRIPLINE  LAMINATION 

The  key  requirements  for  the  successful  bonding  of  a  multilayer  Is  even 
more  crucial  for  a  strlpllne  component.  Layer  to  layer  registration  must  be 
near  perfect  to  assure  effective  strlpllne  circuit  coupling  when  the  strips 
are  on  outer  boards.  A  void-free  product  Is  also  of  major  consequence  to 
assure  a  uniform  dielectric  thickness  and  uniform  dielectric  constant  through¬ 
out  the  strlpllne  multilayer.  Procedures  after  the  lamination  of  a  strlpllne 
multilayer  are  entirely  dependent  on  the  dielectric  material  used.  This 
determines  the  surface  preparation,  type  of  adhesive,  tooling  lay-up  sequence, 
and  press  cycles  required. 

Teflon  microwave  substrates  are  the  typical  dielectric  materials  used  for 
strlpllne  packages.  In  this  study  two  types  were  used,  woven  and  nonwoven 
glass  reinforced. 

Surface  Preparation 

Since  Teflon,  by  nature,  has  low  adhesion  properties,  surface  preparation 
is  very  important  for  the  stripline  lamination  process.  Sodium  etching  the 
surface  of  fluorocarbons  such  as  Teflon  has  proven  very  successful  in  promot¬ 
ing  adhesion.  The  sodium  compound  In  the  etch  solution  reacts  with  the  fluo- 
rlnated  polymer  to  form  a  reactive  film  on  the  Teflon  surface,  which  gives 
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excellent  bond  strength  and  great  versatility  In  types  of  adhesive  that  are 
compatible  with  It. 

Types  of  Adhesive 

The  bonding  film  selected  must  reflect  product  end  use.  Expected  temper¬ 
ature  exposure  and  required  delamination  resistance  determine  the  type  of 
bonding  film  required.  In  this  study,  a  fluorocarbon  copolymer  bonding  film 
developed  to  match  the  dielectric  constant  of  a  particular  laminate  was 
selected.  The  film  was  1.5  mils  thick,  allowing  It  to  flow  away  from  the  cop¬ 
per  pattern  and  give  good  bonding  In  the  noncopper  areas  with  minimum  distor¬ 
tion  of  the  laminate.  Bond  strengths  possible  with  this  film  are  In  the 
20  Ib/ln  range  If  the  laminates  are  properly  treated  prior  to  bond  and  the 
bond  Itself  Is  properly  performed. 

Actual  bond  strengths  observed  were  In  the  3  to  5  lb/ in.  range.  This 
resulted  from  unavoidable  delays  in  performing  the  bond  after  surface  prepara¬ 
tion,  Sodium  etch  tends  to  degrade  with  exposure  to  sunlight,  UV  radiation, 
heat,  and  moisture,  all  of  which  are  present  In  a  factory  environment.  It  Is 
recommended  that  In  the  future  the  lamination  procedure  be  performed  within 
24  hours  of  sodium  etch  and  the  laminates  be  kept  In  a  controlled  environment. 

Tooling  for  3  dB  Quad  Fabrication 

Since  a  small  quantity  of  parts  were  scheduled  for  fabrication,  a 
prototype  bond  fixture  was  made  from  aluminum  sheets.  Multilayer  thickness 
requirements  allowed  for. using  1/8  Inch  long  pins,  as  described  In  figure  68. 
Four  pins  were  used  for  location.  For  this  particular  stripline  configuration 
this  was  sufficient  to  meet  registration  requirements.  For  more  complex 
striplines  where  coupling  Is  required  of  more  than  one  layer,  a  sophisticated 
pin  system  must  be  developed  which  allows  for  adequate  material  restraint  to 
prevent  shift  and  mlsregi stration.  8ecause  this  part  was  relatively  small, 
dimensional  change  was  not  an  observable  problem. 

Lay-Up  Procedures 

The  lay-up  sequence  Is  described  in  Operations  Directions  155  (Figure  69). 
Both  laminate  and  adhesive  were  cleaned  of  contaminants  by  use  of  a  vacuum  sys¬ 
tem.  Aluminum  release  sheets  provide  a  clean  and  protected  fixture  surface  and 
also  match  the  thermal  characteristics  of  the  aluminum  fixture.  The  Kraft  paper 
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Figure  68.  Bond  Fixture  Details 


assured  uniform  pressure  throughout  the  bond  package  and  provided  the  recom¬ 
mended  rate  of  heat  rise  for  the  bonding  film.  Since  only  a  few  parts  were' 
required,  stacking  to  Increase  productivity  was  not  considered.  It  is,  however, 
a  possibility  for  future  work.  Tooling  pin  accuracy  will  be  the  deciding  factor 
if  stacking  is  to  become  a  consistently  successful  process  improvement. 

Press  Cycle 

Sires  the  bonding  film  requires  a  lamination  temperature  of  425*F ,  an 
electric  platen  press  was  used.  The  press,  Pasadena  Hydraulics,  Inc., 

Model  5100  MS,  has  been  modified  from  steam  heated  to  electrically  heated  for 
this  purpose.  Pressure  is  provided  by  a  hydraulic  oil  system.  Preset  pres¬ 
sures  and  cure  and  cooling  cycles  are  automatically  engaged  and  timed  out. 


OPERATION  DIRECTIONS  -  GENERAL  PURPOSE  STATIOMIZED  PUNNING 
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ROTE;  Bonding  mu*t  be  performed  within  24  hour*  of  teflon  etching. 
Ute  following  ley-up  procedure: 

TOP  OF  FUTURE 

t 

■  Aluminum  release  sheet 

TOP  OUTER  LAYER 
1  sheet  3M  S700  adhesive 


INNERLAYER 

1  sheet  3M  $700  adhesive 


BOTTOM  OUTER  LAYER 
Aluminum  release  sheet 

BOTTOM  OF  FUTURE 


Sandwich  fixture  between  3  sheets  of  kraft  oaper  and  load  Into 
prehaetad  press. 

Set  press  as  follows  for  eutomatlc  cycle: 


Temperature 
Pressure 
Preheat  Time 
Cure  Time 
Cool  Tlnus 


•  4Z5°F 

■  20.000  pounds 

•  7  minutes 

•  40  minutes 

•  20  minutes 


Figure  69.  Operational  Direction  for  Lamination  of  Stripline 
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Water  cooling  under  pressure  1$  provided.  The  final  press  cycle  Is  described 
In  Figure  69.  The  manufacturer's  suggested  cycle  for  the  bonding  film  was 
used  as  a  guide  but  adapted  to  conform  to  the  lay-up  previously  described. 

The  critical  point  In  bonding  with  the  copolymer  film  occurs  when  the  laminate 
reaches  400*F.  A  thermocouple  was  Inserted  between  the  laminate  to  discover 
when  this  temperature  was  reached.  After  20  minutes  fn  the  press,  the  bondllne 
•was  at  the  critical  temperature'.  The  additional  time  assures  that  the  bond  Is 
complete.  No  delaminations  or  unbonded  areas  were  observed  In  the  strlpllne 
package.  When  cutouts  are  present  In  the  strlpllne,  a  suitable  conformal 
layer  must  be  used  so  that  these  areas  will  be  under  the  same  pressure  as  the 
rest. of  the  package.  Silicone  rubber  Is  Ideal  for  these  high  temperature 
applications.  If  the  cutouts  are  not  conformally  bonded,  delaminations  win 
occur. 

DATA  ANALYSIS 

After  successfully  laminating  the  cover  boards  to  the  Inner  strlpllne 
circuits, a  microsection  of  the  effective  coupler  area  was  taken  (Figure  70). 

The  dimensional  characteristics  of  this  microsection  are  given  In  Table  15. 

DIMENSIONAL  STABILITY  OF  STRIPLINE  MATERIALS 

In  an  effort  to  understand  the  possible  dimensional  change  that  occurs  In 
the  Teflon  microwave  substrate  material  during  processing,  a  dimensional  sta¬ 
bility  study  was  performed  on  woven  and  nonwoven  laminate  under  0.020  Inch 
thick.  The  thin  laminate  (0.0077  Inch)  was  exposed  to  the  etching  process  and 
subjected  to  an  elevated  temperature  as  described  In  the  procedure  for  dimen¬ 
sional  stability  testing  In  MIL-P-1 3949F .  The  actual  procedure  closely  fol¬ 
lows  the  military  specification  and  Is  described  In  detail  below: 

1)  Scribe  cross  marks  as  shown  In  Figure  71. 

2)  Measure  distance  between  cross  marks  and  record  "Initial  values"  In 
X  and  Y  directions. 

3)  Protect  cross  marks  and  etch  In  ammonlacal  etcher  and  bake  for 
one-half  hour  at  265 *F. 
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Figure  71 .  Crossmark  Location  for  Dimensional  Stability  Testing 

4)  Stabilise  by  hanging  vertically  for  3  hours  at  70*  +5*F  and 
45  +  10  percent  RH. 

5)  Measure  distance  between  cross  marks  and  record  "after  etch  values" 
on  X  and  Y  directions. 


6)  Subject  to  elevated  temperature.  Hang  vertically  parallel  to  the 
oven  air  flow  for  one-half  hour  at  340*F. 

7)  Stabilize  by  hanging  vertically  for  3  hours  at  70 '  +5’F  and 
45  +10  percent  RH. 

8)  Measure  distance  between  cross  marks  within  1  hour  of  stabilization 
and  record  "after  elevated  temperature  values’*  in  X  and  Y  directions. 


The  X  direction  Is  set  by  the  analyst.  In  this  report  It  is  always  taken  to 
be  In  the  warp  direction  of  the  glass  fiber,  If  applicable.  Measurements  were 
taken  by  "Supergage",  which  has  an  accuracy  of  +0.0001  In/ in.  over  the  panel 
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size  of  10  x  10  Inches  as  required  for  this  study.  Actual  data  obtained  from 
the  procedure  described  above  are  presented  In  Table.16. 


From  this  preliminary  data  It  Is  obvious  that  Teflon  substrates  will  show 
a  considerable  amount  of  shrinkage  during  processing.  Observed  Inches  per 
Inch  of  change  Is  considerably  above  the  maximum  allowed  for  polylmlde  and 
epoxy  laminates  In  MII-P-13949F.  Dimensional  change  must  be  controlled  If 
large  strlpllne  parts  are  to  be  fabricated  successfully,  or  this  fact  must  be 
taken  Into  account  In  the  design  of  future  strlpllne  packages  and  allowances 
'made  for  It. 

The  unwoven  laminate  exhibited  more  shrinkage  than  the  woven.  Since  the 
woven  laminate  Is  restrained  by  the  glass  cloth  weave,  It  Is  obvious  why  this 
should  be  so.  The  warp  directions  of  the  glass  cloth  Is  especially  stable. 

The  fill  direction  closely  matches  the  change  exhibited  by  the  nonwoven  fabric 
In  the  arbitrarily  chosen  X-dlrectlon.  Intuitively,  the  unwoven  fabric  should 
exhibit  the  same  change  In  both  directions.  Since  the  Teflon  Is  soft  and 
pliable,  this  could  be  an  effect  of  the  vertical  hanging  procedure  required 
for  stabilization.  Since  the  laminates  were  purposely  hung  along  the  same 
axis,  less  shrinkage  In  one  direction  could  be  a  result  of  a  growth  effect 
caused  by  gravity. 

Further  work  Is  required  In  this  area  to  determine  how  the  shrinkage  can 
be  reduced  or  eliminated  and  to  quantify  the  net  change  observed  In  fully 
fabricated  product.  The  quantified  difference  between  woven  and  nonwoven 
strlpllne  packages  would  also  be  useful  Information  for  both  designers  and 
manufacturers. 

TABLE  16.  DIMENSIONAL  STABILITY  TESTING  RESULTS  IN  INCHES  PER 

INCH  OF  CHANGE 


ArT«n  iuiv.  x 

TIMP,  V 


•0.0003 

•0.0024 


-0.0027 

-0.0061 


SECTION  XI 
PLATING 


For  PTFE  substrate  plating  of  both  edges  and  through  holes,  a  surface 
etch  must  be  performed  on  the  PTFE  material  to  ensure  good  plating  adhesion. 
Sodium  etching  of  the  surface  of  fluorocarbons  such  as  PTFE  has  proven  very 
successful  In  promoting  plating  adhesion.  The  surface  film  that  results  after 
sodium  etching  greatly  enhances  the  plating  adhesion. 

Electroless  copper  deposition  on  PTFE  substrate  does  not  differ  signifi¬ 
cantly  from  deposition  on  other  materials  except  that  the  PTFE  must  be  sodium 
etched.  Another  area  of  concern  In  electroless  plating  Is  ensuring  adequate 
wetting  of  the  PTFE  substrate  by  the  accelerator  and  catalyst  prior  to  the 
electroless  Itself.  To  ensure  adequate  electroless  coverage,  the  substrate 
surface  must  be  scrupulously  clean,  especially  free  from  any  oils  and 
greases.  Therefore,  It  Is  necessary  to  handle  all  parts  with  dry  clean  gloves 
between  sodium  etching  and  the  onset  of  eletroless  plating.  For  through-hole 
plating  only,  no  special  care  was  given  to  edge  handling  procedures.  For 
example,  when  plating  the  MIL-P-55110  certification  boards  (IPC-B-25  Type  Z, 

GR  material),  a  normal  electroless  cycle  was  used  after  sodium  etching.  (See 
MP  742,  Appendix  D  for  processing  procedures  of  electroless  copper.) 

The  1  Inch  resonators  that  were  developed  for  dielectric  constant  mea¬ 
surements  required  electroless  copper  shell  plating  only;  however,  It  was  man¬ 
datory  that  these  parts  were  not  bent.  The  average  dielectric  thickness  to  be 
plated  was  0,007  Inch,  and  a  special  plating  fixture  was  developed  to  hold 
these  thin  agile  squares  (Figure  72).  Once  Inside  this  special  fixture, sodium 
etching  and  electroless  copper  deposition  were  conducted  In  a  routine  manner. 
The  3  dB  quad  presented  an  Interesting  shell  plating  technique.  Since  the 
side  where  the  OSM  connector  areas  are  located  were  not  to  be  shell  plated, 
the  parts  were  partially  routed  In  panel  form,  and  processed  through  electro¬ 
lytic  plating  before  being  routed  out  of  the  panel.  Sodium  etching, followed 
by  normal  plating  procedures, was  all  that  was  necessary  to  provide  uniform 
shell  and  through  hole  plating. 
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Tha  mathod  of  plating  tha  IPC-B-25-GR  and  3  dB  quad  shall  plata  required 
calculation  of  plating  amperage.  This  was  conducted  using  a  Kahn  araa  cal¬ 
culator.  Tha  appropriate  amperage  settings  par  panel  are  shown  below: 


PART 

PANEL  SIZE 

AMPS  COPPER 

AMPS  SOLDER 

1PC-B-25  . 

8  x  12  Inches 

25 

22 

3  dB  Quad 

8  x  12  Inches- 

25 

N/A 

» 

It  can  be  concluded  that  conventional  printed  wiring  board  plating  techniques 
can  be  used  succ?*xful1y  for  shall  and  through  hole  plating  of  Teflon  sub¬ 
strata.  (At  tut*  t !V‘ie  of  this  report  tha  IPC-B-Z5-GR  passed  In-house  solder 
shock  at  550'F  fur  10  seconds.)  However,  sodium  etching  must  be  conducted  to 
provide  adequate  plating  adhesion.  Also,  spatial  plating  fixtures  may  be 
requ1red,as  was  demonstrated  In  the  electroless  shell  plating  of  the  1  Inch 
square  resonators. 


For  a  more  detailed  look  at  electrolytic  plating  start  up  processing, 
solution  make  up,  and  solution  control  procedures  see  Appendix  E. 
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SECTION  XII 

CONCLUSIONS  AND  RECOMMENDATIONS 


The  Investigation  of  the  sensitivity  of  strip  transmission  line  tolerances 
on  the  performance  of  strlpllne  circuits  has  shown  some  unexpected  results.  The 
broadband  3  dB  quadrature  coupler  used  as  a  model  Is  much  Kjs  sensitive  to  the 
dielectric  constant  of  the  material  than  Is  commonly  assumed.  The  thickness  of 
the  centerboard,  howevsr,  Is  very  critical.  The  impression  of  the  etched  cir¬ 
cuit  Into  dielectric  material  also  has  the  effect  of  decreasing  the  thickness 
of  the  centerboard.  This  Impression  Is  greatest  at  the  overlapped  center  sec¬ 
tion  of  the  coupler  because  of  the  extra  thickness  of  the  copper  circuit.  The 
affect  Is  then  a  change  In  performance  where  the  change  Is  a  function  of 
frequency. 

Other  tolerances  such  as  outer  board  thickness,  circuit  line  widths,  and 
the  alignment  of  circuits  on  each  side  of  the  center  board,  are  compatible  with 
the  processing  of  a  printed  wiring  board  facility, with  good  control  of  all 
processes.  This  requires  precision  measurement  of  resist  photospeed  to  com¬ 
pensate  for  lot  variations,  a  highly  uniform  Intensity  output  of  exposure  units, 
and  also  feed  and  bleed  chemical  add  systems  to  maintain  bath  chemistry.  Align¬ 
ment  of  photo  tools  and  machining  of  the  circuit  boards  is  compatible  with  the 
CAD/CAM  facility  and  numerically  controlled  machine  tools. 

Bonded  and  plated  strlpllne  assemblies  showed  good  bonds  and  plating  but 
poor  electrical  performance.  The  exact  reason  for  this  Is  assumed  to  be  the 
Impression  of  the  circuit  Into  the  dielectric  and  perhaps  the  effect  of  the 
bonding  material.  Additional  investigation  of  the  bonding  process  Is  required. 

The  surface  roughness  of  the  copper  cladding  has  been  shown  to  have  a  large 
effect  on  the  performance  of  the  broadband  couplers.  An  analysis  showed  that 
the  effect  Is  a  function  of  the  spacing  between  the  rough  surfaces.  The  effect 
of  surface  roughness  was  evident  In  the  experimental  data.  A  method  of  measur¬ 
ing  the  dielectric  constant  of  small  samples  also  showed  the  effect  of  the 
surface  roughness. 
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A  number  of  features  cm  be  Incorporated  Into  the  strlpllne  circuit  designs 
to  make  them  more  producible  and  lass  susceptible  to  tolerances: 

1)  The  thickness  of  the  center  board  should  be  as  large  as  possible. 

2)  Rolled  copper,  rather  than  alectrodeposlted  copper,  should  be  used  If 
at  all  possible. 

3)  Thin  copper  cladding  will  reduce  the  Impression  of  the  circuit  into 
the  dielectric. 

4)  Do  not  overspecify  the  dielectric  constant  tolerance. 

5)  If  them  Is  more  than  one  circuit  that  will  perform  the  same  function, 
pick  the  one  that  has  fewer  critical  tolerances. 
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APPENDIX  A.  EQUIPMENT  LIST 


EXIST,  EQUIPMENT 

I.O.  NO. 

OWNER 

PROCURE 

COST 

DATE 

PROCR’D 

PUNCHING  TOOL* 

I90104E 

EXCELLON  DRILL 

H0684B6 

HAC 

113.815 

9-72 

EXCELLON  DRILL 

A  782423 

GOV'T. 

1 1 8,074 

2-78 

EXCELLON  DRILL 

H0SS370 

HAC 

100,260 

7-74 

2  SPOC  DRILL 

T032290 

GOVT. 

2,888 

11-64 

PRESSURE  BLAST 

T203B13 

GOVT. 

23.600 

12-70 

ELECTROLESS  CU  SYSTEM 

T203S21 

GOVT. 

46,778 

6-71 

CHEM.  CLEAN  (ETCH  SACK) 

H -059737 

HAC 

4,789 

3-78 

CHBM'CUT  SCRUBBER 

HQS943S 

HAC  , 

9.978 

7-74 

LAMINATOR 

HE 7320 

HAC 

8,480 

8-77 

LAMINATOR 

H0S9702 

HAC 

4,007 

2-75 

PRINTER  SCANEX 

H0B8431 

HAC 

9,170 

3-18-72 

PRINTER  PC-24 

H34S92 

HAC 

16,290 

1-78 

C-PROCESSOR 

H087173 

HAC 

13.900 

3-18-69 

COPPER/SOLOER  PLATE 

T203B14 

GOVT. 

99,828 

6-71 

COPPER/SOLDER  PLATE 

A7B0600 

GOVT. 

100,780 

8-70 

DUPONT  RESIST  STRIPPER 

H 0871 30 

HAC 

38,487 

2-78 

CH EM-CUT  ETCHER 

H08B284 

HAC 

41,125 

4-74 

SOLDER  PUSE 

HAC 

11,897 

4-78 

CLEANER 

H69793 

HAC 

18,729 

8-76 

OVEN 

T203B06 

GOVT. 

1,899 

11-70 

OVEN 

T 203806 

GOVT, 

1.899 

11-70 

PUNCH  PRESS 

T031372 

GOVT. 

3,143 

7-54 

ROUTER 

HOSE 840 

HAC 

3,911 

12-67 

CNC  ROUTER  EXCELLON 

H67291 

HAC 

88,200 

4-77 

BEVELING  MACHINE 

H3B4900 

HAC 

3,323 

9-70 

AUTO  SCAN  TESTER 

H 894 86 

HAC 

34,806 

2-75 

APPENDIX  A.  (Continued) 


PRESENT  EQUIPMENT 

I.O.  NO. 

OWNER 

PROCURE 

COST 

DATE 

PROCR'D 

CAVIOERM 

H 89 847 

HAC 

3,780 

13-74 

DERMITRON 

HAC 

1.313 

13- 7B 

TUKON  MICROSCOPE  AND 
HARDNESS  TESTER 

TO 29682 

GOV'T. 

4,237 

3-83 

PLOTTiR 

T3034S4 

aovT 

19.19B 

9-6? 

CLEANER 

H087830 

HAC. 

8.472 

3-31-70 

LAMINATING  PRESS 

GOVT. 

17,318 

9-70 

LAMINATING  PRESS 

HAC 

17,138 

10-38-71 

MASKINQ  MACHINE 

HAC 

7.980 

3-30-78 

STRIP  SOLDER  SVSTEM 

NO  NUMBER 

HAC 

3.000 

8-78 

NICKEL  PLATE 

HOE 71 30 

HAC 

1,830 

3-8-70 

OOLD  PLATE 

H0SE270 

HAC 

3.344 

13-71 

HAND  SCRUB 

T033904 

GOVT 

873 

8-88 

HAND  SHEAR 

HSE4E3 

HAC 

878 

8-72 

LAMINATOR  (RESIST) 

HE 73 70 

HAC 

8,480 

3-77 

COLD  BOX  (PREPRSO) 

HB78E9 

S30 

8-70 

DRY  sax 

NO  NUMBER 

BOO 

8-70 

OVEN 

HS6430 

2.148 

8-17-74 

HYQROEQUIBQEE 

HEB70B 

1 

4.941 

2-08-78 

SLOTTER 

040-01 S2E 

HI  POT  TESTER  (3) 

H311E07 

480 

8-11-78 

light  tables  it) 

H BO 907 

HAC 

1,800 

80-78 

ETCHER  CHEM-  UT 

HSO403 

HAC 

18,398 

840-74 

LOOSE  PILM  IXTURIS  131 

038-71147 

GOVT, 

14.000 

'74 

KODAK  PROPILOMETER 

T034092 

aovT, 

8,931 

’84 

PILM  PROCESS  SINKS 

H6E483 

HAC 

1,374 

2-73 

AUTO  PILM  PROCESSOR 

H87143 

HAC 

17,781 

'78 

HYDRAULIC  PREPREO 

PUSH-CIUT  PRESS 

H68400 

HAC 

8,483 

10-72 

LIGHT  SOURCE  VACUUM 

PRAME  AND  TIMER 

HB7424 

HAC 

242 

'89 

APPENDIX  A.  (Concluded) 


PROCURE 


NIW  EQUIPMENT 

1.0.  NO. 

OWNER 

COST 

c  a,  bagger 

H3S4BB3 

HAC 

S.SBO 

12-7S 

scrubber 

H35497B 

HAC 

18,800 

1-79 

rrcHiR 

H364B72 

HAC 

60.248 

4-79 

SOLDER  MASK  LAMINATOR 

H364697 

HAC 

30,300 

11.78 

U.  V.  CURING  EQUIPMENT 

H3S4BBS 

HAC 

S,8IB 

11-71 

STILL  METHYLENE  CHLORIDE 

H067130-10 

HAC 

2-78 

STILL  MITHYL  CHLOROFORM 

H87I72 

HAC 

ALK  FUD  ANO  BLEED  ETCHER 

HS9B2B 

HAC 

VAPOR  BLAST  SYSTEM 

H3SAB7S 

HAC 

27,800 

8-79 

LIGHT  TABLE  Y.  R. 

HSBB07 

LIGHT  TABLE  Y.  R, 

NO  NUMBER 

LIGHT  TABLE  0.  R. 

NO  NUMBER 

LIGHT  TABLI  0.  R, 

NO  NUMBER 

LIGHT  TABLE  0.  R. 

LIGHT  TABLE  DRILL  INSP. 

NO  NUMBER 

LIGHTTABLE  DRILL  INSP. 

NO  NUMBER 

PROGRAMMER  OPIC  III 

H3B4822 

STOCKBN  <i  YALE 

H3B30I2 

X-RAY 

H3SS228 

PLESSY- VISTA 

FULLERTON 

H38B003 

OHMEGAMETEB 

H 3 84  904 

I 


APPENDIX  B 

3  dB  QUAD  STRIPLINE  CIRCUIT  FABRICATION  PROCEDURES 

This  appendix  contains  actual  procedures  used  to  fabricate  the  3  dB  quad 
strlpllne  circuit  In  the  production  environment.  It  consists  of  five  sections 
as  listed  below; 

1)  Outer  Board  No.  1 

2)  Outer  Board  No.  2 

3)  Inner  Board 

4)  Prepreg  (Bonding  Film) 

5)  Board  Assembly 

Not  only  does  this  planning  contain  routing  Information  and  operator 
Instructions  but  also  a  bar  code.  This  bar  code  provides  on-line,  real-time 
quality  history  and  parts  status  Information.  Utilizing  a  bar  code  wand,  an 
operator  enters  the  operation  Into  a  bar  code  terminal  which  then  transmits 
the  coded  Information  to  a  main  computer  system  for  storage.  This  allows 
engineering  access  to  material  traceability,  an  Interface  with  process 
monitoring  and  evaluation  of  process  Information. 


B-l 


i  PAGE 

PRODUCTION  POUT I NO  FOR:  MMT,  3DB.  QUAD.  OUTER #3  3DB  QUAD  OUTER  »8 

PLANNINQ  REV. :  NC  DRAWING  REV.  :  NC 
PLANNED:  13/ 23/81  frRNTD:  03/14/83 


OPER 

CONT 

WORK 

STDS 

OPER 

REV 

CENT 

STA. 

PER  100 

9 

NC 

7743 

o 

■H 

o 

-* 

NONE 

SET  ********  IUV0FF9  ********* 
UP  **  QUAN  ***  DATE  *****  STAMP  *** 

ENTER  WORK  ORDER  QUANTITY. 


10  NC 


20  NC 


ISSUE 

CODE:  UNKNOWN 

DESC.  :  , 031 *  X  8“  X  14" 

8PEC. :  0RN-0390-C 1 / 00-139 

PARTS  PER  PANEL  -  h 

:  HANDLE  AS  PACKAGED  IY  VENDOR 

PRODUCTION 


ISSUE  ti  ENTER  HAC  LOT  NUMIER 
LOT  « 


:  HANDLE  IN  CLEAN  COVERED  TOTE  PAN 
PRODUCTION 

INSPECT  PER  PIX  «<  ITI 
QUALITY 


DRILL  TOOLING  HOLES  <S»  X  14") 
(CONTINUED) 


*  K  N  •«  <1  H  I 


RAGE 

PRODUCTION  ROUTING  FOR:  MMT,  3DB,  QUAD,  OUTER #2  3DB  QUAD  OUTER  #2 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 


PLANNED:  12/22/61 

PRNTD; 02/19/82 

OPER 

CONT 

WORK  STDS 

OPER 

REV 

CENT 

8TA,  PER  100 

100 

NC 

5961 

2230  NONE 

SET  ********  B  U  Y  0  F  F  B  ********* 
UP  **  QUAN  **#  DATE  *****  STAMP  *** 

(CONTINUED) 

99946  -  DRILL  JIG 
D36207  -  1/4"  DRILL,' 

0-3465  -  .290/. 252"  PLUG  GAGE 

DRILL  WITH  COPPER  SIDE  UP. 

PRODUCTION 


DRILL  PER  MP  317  6  0.  D.  330  <D/B> 
PRODUCTION 


INSPECT  DRILL  -  PII,  ITI  6  0.  D.  330 
QUALITY 


QUALITY 


N/C  ROUT  PER  MP  700 

ROUT  PER  TOOLS  6  GAGES  LISTINGS 

::  HANDLE  SMALL  "D"  SHAPED  PARTS  IN 
A  CLEAN  ZIP-LOC  PLASTIC  BAG 
OBTAINED  FROM  STOCK. 

DO  NOT  BAO  PANELS. 


(CONTINUED) 


B-3 


**************  UNRELEA8ES  *****  UNRELXA8ED 


UNRELB ABED  ************* 


••«*«****•  UNRELEASED  *****  UNRELEABED  *****  UNRELEA8ED  ************* 

PACE  4 

PRODUCTION  ROUTING  FOR;  MMT.  3DB.  QUAD.  0UTER#2  ODD  QUAD  OUTER  #2 
PLANN1NQ  REV.  ;  NC  DRAWING  REV.  ;  NC 

PLANNED; 12/22/61  PRNTD: 02/ 19/02 


OPEfc  CONT  WORK  STDS  BET  ********  BUV0FF8  ********* 

□PER  REV  CENT  ST A,  PER  100  UP  **  QUAN  ***  DATE  *****  STAMP  *** 

1190  NC  7744  4080  NONE  (CONTINUED) 

COMPLETE  MATERIAL  2 .  D.  CARD  WITH 
THE  FOLLOWING  INFORMATION: 

A.  PART  NUMBER  *  REVISION. 

D.  WORK  ORDER  NO. 

C.  QUANTITY 

D.  DATE  COMPLETED 

E.  APPLICABLE  CHANGE  DOCUMENTS 
(  EO  'Si  RDW  '8/  ETC.  ). 

IN  THE  REMARKS  SECTION  INSERT: 

1.  HAC  MATERIAL  LOT  NO'S. 

2.  MASTER  PATTERN  REVISION  FOR  EACH 
LAYER. 

RETAIN  MATERIAL  I.D.  TAG  WITH  TOTE 
PAN. 


PRODUCTION 


VERIFY  l<  STORE 
**  INSPECT  PER  PI  I 


VERIFY  COUNT  t<  PACKAGING. 
COMPLETE  PAPERWORK. 


RETAIN  MATERIAL  I.D.  TAG  WITH  PARTS 
IN  STORAGE. 


PRODUCTION 


QUALITY 


* 


UNRELEASED  *****  UNRELEASED  •*«««  UNRELEASED 


PAOE  5 

PRODUCTION  RDUTINO  FOR:  MMT.  3DB.  QUAD.  OUTER #2  ODD  QUAD  OUTER  «2 
PLANNING  REV. :  NC  DRAWING  REV.  ;  NC 

PLANNED: 18/22/81  PRNTD: 03/19/82 


FABRICATION  ORDER  INFORMATION 

PROCUREMENT  CODE: - - - 

WORK  ORDER  QUANTITY: - - - - 

QUANTITY  REJECTED: - - - - 

QUANTITY  RECEIVED:  - - - - — 

SPLIT  -  TRANSFER  TICKET  -  COUNT  VARIANCE 

VARIANCE  BALANCE 

OPERATION  SPLIT  i  TRANSFER  TICKET  QUANTITY  DELIVERED  M-DAY 


C 

c 

c 

c 

c 

c 

c 

c 

c 

[ 

c 

c 

t 

t 

z 

c 

c 

c 

c 

c 

c 

c 

c 

c 

t 

c 

t 


*********4141*  UNRELEASED  *****  UNRELEASSD  *****  UNRELEASED  ********A*g  *  1 
PRODUCTION  PUNNING  FOR*  MMT.3DB.  QUAD. OUT  EM2  3UB  QUAD  OUTER  <2 
PUNNING  REV.*  NC  OR  AW  INC  REV.*  NC 

PLANNING  DATE*  12/22/BI  DATE  PRINTED*  02/I9/B2  iff  •*  H-«P 

PLANNER!  C.E.  METEMHALl  P.A.E.l  J-0-  "°*SSR  P.E.>  B.J.  BBOWN.m 

DUALITY  LEVEL*  EXP/PRG 


NO  OUTSTANDING  DOCUMENTS 


SPECIFICATIONS!  HP  31-IB  PKOCA*  HMt  UNIT  CODE  *<« 

MAT  ER  l  AL !  .031"  »  F"  «  1*"  MATERIAL  CODE.  UNKNONN 

MATERIAL  SPECIFICATIONS*  GRN-0290-C  WOO-B2B 


MASTER  ratter-1!  FRjNT  NjjHE|R  NON! 


REV  NONE 
REV  NONE 


PATTERN  SET* 


number  none 


REFERENCE  DRAWING  NO.  NONE 
NO  OUTSTANDING  DOCUMENTS. 


********  UNRELEASEO  *****  UNRELEASED  *****  UNRELEASED  *********** *** 

TOOL  AND  GAGES  FOR  P/N*  MMT . 3DB. QUAD. OUT ERP2  3DB  QUAD  OUTER  *2 

PLANNING  REV.:  NC  DRAWING  REV.*  NC- 

PLANNING  OATE*  12/22/01  PRINTED:  02/19/82  EFF.:  Pl-UP 

OPER  TOOL  OR  GAGE  NO.  DESCRIPTION 

330  TOOLING  HOLES  ONLY 

30B.QUA0.0UTER#2/330  DRILL  TAPE  REV.  NC 

333  0.0*  330  DRILL  LISTING 

1000  PA-3O8.QUAD.0UTER#2  CONTOUR  GUIDE 

3QB.OUAO.OUT  CRI2  ROUT  TAPE  REV.  NC 

1120  P  A-30B.QUA0.0UTSR#2  CONTOUR  GUIDE 


B-9 


>«*«*****•*  UNRELEASED  *****  UNRSL6ASE0  *****  UNRELEASED  ************* 
'OPERATIONAL  INSTRUCTIONS*  HMT. 3DB.QUA0 • OUTER* 2  3DB  QUAD  OUTER*$f  1 
PLANNING  REV.*  NC  DRAWING  REV.;  NC 

PLANNING  GATE*  12/22/81  PRINTED;  02/19/82  SFP.*  Pl-UP 

OPER  CONT  WORK 

OP6R  REV.  CENT  STA.  INSTRUCTIONS 

330  NC  5581  2490 

OR  ILL  PER  MP  317  0  0.0.  330  (D/S> 

KIWnO.  ?OULL  SltP.  GAGE  NUMBER  COLOR  CODE  Nh3l? 

091250  124/127  G3369  4  NP 

TOOLS  ANO  GAGES* 

number  description 

iSS^iu  A0.8lJ?  Ir  11/  330  8rWl  tape  REV.  NC 


B-10 


nn 


**************  UNRELEASED  *****  UNRELEASED  *****  UNRELEASED  ************* 


PAGE  1 

V  PRODUCTION  ROUTING  FOR:  MMT.  3DB.  QUAD.  INNER  3DB  QUAD  INNERLAYER 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 

PLANNED: 12/22/BI  PRNTD: 02/ 19/B2 


OPER 

CONT 

WORK 

STDS 

SET 

******** 

B  U  V  0 

F  F  S  ********* 

OPER 

REV 

CENT 

STA. 

PER  100 

UP 

** 

QUAN 

***  DATE 

*****  STAMP  *** 

5 

NC 

7742 

6010 

NONE 

ENTER 

WORK 

ORDER  QUANTITY. 

10  NC 


ISSUE 

CODE:  UNKNOWN 

DESC. :  .0077"  X  8"  X  14" 

BPEC. :  QRN-0077-C 1 /C 1 -B2B 


PARTS  PER  PANEL  »  6 


HANDLE  AS  PACKAGED  BY  VENDOR 


PRODUCTION 


20 


ISSUE  fc  ENTER  HAC  LOT  NUMBER 


LOT  4 


43 


HANDLE  IN  CLEAN  COVERED  TOTE  PAN 
PRODUCTION 


INSPECT  PER  PI  I  b  ITI 
QUALITY 


100 


B-ll 


DRILL  TOOLING  HOLES  (8" 
(CONTINUED) 


t 


X  14") 


UNRELEASED  *****  UNRELEASED  *****  UNRELEASED  ************* 


PACE  3 

PRODUCTION  ROUTING  FOR:  MMT.  3DB.  QUAD.  INNER  3DB  QUAD  XNNERLAVER 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 


PLANNED: 12/22/81  PRNTD: 02/19/83 


OPER 

OPER 

REV 

CONT 

CENT 

WORK 

STA. 

STDS 
PER  100 

UP  **  QUAN  ***  DATE  *****  STAMP  *** 

100 

NC 

9581 

2230 

NONE 

(CONTINUED) 

99946  -  DRILL  JXO 

D36207  -  1/4“  DRILL 

Q-346S  -  .  S50/.  253“  PLUG  GAGE 


PRODUCTION 


330 


N/C  DRILL  ( I NNERLAYERB >  PER  MP  317 


PRODUCTION 


333 


INSPECT/DRILL  PII*  ITI  UNNERLAYER) 


QUALITY 


QUALITY 


<1)  PASS  ONLY  THRU  MODULE  THEN 
SULFURIC -CITRIC  ACID  RINSE  -  1 
MINUTE 

WATER  RINSE  -  3  MINUTES 
DX  WATER  RINSE  -  1  MINUTE 
AIR  DRY. 


PRODUCTION 


B-12 


•l--"Ji-ir!iii  i 


l 


#*##■****##****  UNRELEASED  *****  UNRELEASED  *****  UNRELEASED  ■*#*##•*##•***** 


['ACL  'J 

PRODUCTION  ROUTING  FOR:  MMT.  3DB,  QUAD.  INNER  3DB  QUAD  INNERL.AYF.R 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 

PLANNED: 12/22/81  PRNTD: 02/ 19/02 


OPER  CONT  WORK  STDS  SET  #*##**■*■#  B  U  Y  0  F  F  S  # •*•**-*■»■*#* 


OPER 

REV 

CENT 

STA. 

PER  100 

440 

NC 

5981 

5965 

NONE 

UP  **  QUAN  ***  DATE  *#«#*  STAMP 

RESIST  LAMINATE  PER  MP  730 
USE  #1015  RESIST. 

:  COOL  PANELS  TO  ROOM  TEMPERATURE 
BEFORE  PACKAGING. 

PRODUCTION 


PHOTO  RESIST  EXPOSE  PER  MP  731 
PATTERN  SET: 

PA-92201 -3DB.  QUAD.  INNER.  3NC 

MASTER  PATTERN: 

T92201-1  RFV.  NC 

T92201-2  REV.  NC 

PRODUCTION 


PHOTO  RESIST  DEVELOP  PER  MP  732 

:  RACK  fc  AIR  DRY  PANELS  BEFORE 
PACKAGING  WITH  CLEAN  PAPER  ON 
BOTTOM  It  BETWEEN  LAYERS. 

PRODUCTION 


INSPECT  PER  PI  I  fa  ITI 
QUALITY 


QUALITY 


>'***««****»  UNRELEASED  *****  UNRELBA8ED  *****  UN RELEASED  ************* 

PRODUCTION  ROUT I NO  FOR:  •  MMT.  3DB.  QUAD.  INNER  3DB  QUAD  iNNtRLAYER  4 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 

PLANNED: 12/23/81  PRNTO: OS/19/83 


QPER 

OPER 

REV 

CONT 

CENT 

WORK 
8TA.  , 

STDS 
PER  100 

SET 

UP 

##*****-* 
**  QUAN 

B  U  V  0  F  F  S  ********* 

980 

NC' 

99B1 

9940 

NONE 

ETCH  PER  MP 

739 

OBTAIN  LAB  REPORT  ON  ALKALINE  ETCH 
SOLUTION  BEFORE  PROCESSING  PARTS. 

QUALITY  ECLR  DUYOFF 


# - 

PRODUCTION 


QUALITY 


5B1  NC  9BB1  99 AO  NONE 


INSPECT  ETCH 


610  NC 


1190  nc  "’"assr 


au1 


,  SHEAR  TEST  COUPON  FROM  PANEL 
*'  MEASURE  UNDERCUT  FROM  EDOE  DF 
RESIST  TO  EDOE  OF  CIRCUIT 
*  MEASURE  DIELECTRIC  THICKNESS 

QUALITY 


STRIP  RESIST  PER  MP  734 
PRODUCTION 

FINAL  INSPECT  PER  PI I  *  ITI 
QUALITY  ECLR  DUYOFF 


(CONTINUED) 


a-14 


***********  UNRELEASED  *****  UNRELEA8ED  *****  UNRELEA8ED  ************* 

PACE  5 

PRODUCTION  ROUTING  FOR:  MMT.  3DB  QUAD.  INNER  3DB  QUAD  INNERLAYER 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 


PLANNED: 12/22/81  PRNTD: 02/19/02 


OPER 

□PER 

REV 

CONT 

CENT 

WORK 

8TA. 

STDS 
PER  100 

SET 

UP 

********  B  U  Y  0 
*•  QUAN  »«*  DATE 

F  F  S  ********* 
*****  STAMP  *** 

1150 

NC 

6931 

0003 

NONE 

(CONTINUED) 

QUAL 1TV 


QUALITY 


1190  NC 


PACKAGE  *  IDENTIFY 


PLACE  PARTS  IN  A  CLEAN  TOTE  PAN 
WITH  CLEAN  PAPER  ON  THE  BOTTOM  AND 
BETWEEN  LAYERS. 


COMPLETE  MATERIAL  I.D,  CARD  WITH 
THE  FOLLOWING  INFORMATION: 


A.  PART  NUMBER  It  REVISION 

B.  WORK  ORDER  NO. 

C.  QUANTITY 

D.  DATE  COMPLETED 

E.  APPLICABLE  CHANGE  DOCUMENTS 
<  EQ 'S*  ROW'S.  ETC.  >. 

IN  THE  REMARKS  SECTION  INSERT: 

1.  HAC  MATERIAL  LOT  NO'S. 

2.  MASTER  PATTERN  REVISION  FOR  EACH 
LAYER. 


RETAIN  MATERIAL  I,  D.  TAG  WITH  TOTE 
PAN. 


PRODUCTION 


B-15 


*#***•***««**•  UNRELEASED  *****  UNRELEASED  *****  UNRELEASED  ************* 

PAQE  4 

PRODUCTION  POUT I NO  FOR:  MMT.  3DB.  QUAD.  INNER  SOB  QUAD  INNERLAVER 
PLANNINO  REV.  :  NC  DRAWINO  REV.  :  NC 


PLANNED:  12/2S/B1  PRNTD:  02/19/82 


OPER 

CONT 

WORK 

STDS 

BET  ********  B  U  Y  0 

F  F  S  ********* 

OPER 

REV 

CENT 

STA. 

PER  100 

UP  *•  QUAN  ***  DATE 

*****  STAMP  *«« 

1260 

NC 

77  IS 

*010 

NONE 

VERIFY  4  STORE 

*f  INSPECT  PER  PI! 

VERIFY  COUNT  4  PACKAOXNQ. 

COMPLETE  PAPERWORK. 

RETAIN  MATERIAL  X.  D.  TAO  WITH  PARTB 
IN  STORAGE. 

PRODUCTION 


QUALITY 


UNRELEABED 


UNRELEASED 


UNRELEABED 


PACE  7 

PRODUCTION  ROUT I MO  FOR:  MHT.  3DB,  QUAD.  INNER  3DB  QUAD  INNERL AVER 
PLANNINO  REV. :  NC  DRAWING  REV. :  NC 

PLANNED:  12/22/81  PRNTDi 02/ 19/B2 


FABRICATION  ORDER  INFORMATION 


PROCUREMENT  CODE:  — 
WORK  ORDER  QUANTITY: 
QUANTITY  REJECTED:  - 
QUANTITY  RECEIVED:  ■ 
INPUT  - 


M-DAY 


BPLIT  -  TRANSFER  TICKET  -  COUNT  VARIANCE 

VARIANCE  BALANCE 

OPERATION  SPLIT  /  TRANSFER  TICKET  QUANTITY  DELIVERED  M-DAY 


•*•***•**•**  UNKELEASED  *****  UNRELEASED  *****  UNRELEASED  **•***•«***••«• 

PRODUCT  ION  PLANNING  PORI  MNT .  308.  QUAD.  INNER  3D8  QUAD  INNEALAvK®8  1 
PLANNING  REV. l  NC  ORAWING  REV. I  NC 

PLANNING  DAT  El  12/22/81  DATE  PRINTED:  02/19/82  EFP.I  Pl-UP 
PLANNER*  C.E.  WE TFNHALL  P.A.E.i  J.G.  ROSSER  P.E.l  O.J.  8RUHNSTE IN 

QUALITY  LEVEL*  6XP/PRG 

NO  OUTSTANDING  DOCUMENTS 

SPECIFICATIONS*  HP  31-19  PROGRAM  MNT  UNIT  COOE  XXX 

MATERIAL*  .007T-  X  8"  X  IA«  MATERIAL  CODE!  UNKNOWN 

MATEPtAL  SPECIFICATIONS  I  GRN-G077-C 1/CI-B2B 

MASTER  PATTERN!  FRONT  NUMBER  T922G1-1  REV  NC 

REAR  NUMBER  T92231-Z  REV  NC 

PATTERN  SET*  NUMBER  PA-92201-30B. QUAD. INNER .3NC 

REFERENCE  DRAWING  NO.  NONE 
NO  OUTSTANDING  DOCUMENTS. 


8-18 


\ 


********  UNRSLEASED  *****  UNRELEASED  *****  UNREIEAS8D  ************* l 
TOOL  AND  04065  PGR  P/M.  MMT *  3Q8.QUAO. INNER  iDB  0U40  INN6RL4YER 
PLANNING  REV.  *  NC  ORAWiNG  REV.*  NG 

PLANNING  OATEl  12/22/81  PRINTED!  02/19/92  EFF.I  Fl-UF 


OPER 

J30 

590 

1150 


TOOL  OR  GAGE  NO. 
308 .QUAD. INNER 


3Q8.0UA0. INNERLAYER 


A. 

AS 

41 


PA-9 

34!? 


DESCRIPTION 
ORILL  TAPE  REV.  NC 

1  02.  COPPER 


B-20 


**********  UNRELEASEO  *****  UNRELE  ASF.D  *****  UNA  ELEA  SED  *********** 
OPERATIONAL  INSTRUCTIONS!  MMT.  30  B.  QUAD.  I  NNE  R  SOB  QUAD  INNER* AYER 

PLANNING  REV.t  NC  DRAW  I  NO  REV.!  NC 

PLANNING  DATE!  12/22/81  PRINTED!  02/19/82  EFF.i  Pl-UP 


OPER  CONT  WORK 

OPER  REV.  CENT  STA.  INSTRUCTIONS 

330  NC  55  81  2490 

N/C  DRILL  UNNERLAVERS1  PER  MR  317 

GAGE  NUMBER  COLOR  CODE 
lJi’°  081250  124/127  G3368 

TOOLS  AND  GAGES! 

NUMBER  DESCRIPTION 

30B.QUA0. INNER  DRILL  TAPE  REV.  NC 


NO,  OF 
HOLES 


4  NP 


B-21 


au”wfi  niiMBaiiBBifin?Tririi'  r~r  z  . m  m i 


**************  UNRELEASED 


UNRELEA8ED  *****  UNRSLRABED 


PRODUCTION  ROUTINO  FOR:  MMT,  3D1.  GU.  P/P 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 


PAGE  I 
SDR  6UAD  PREPREO 


PLANNED: 12/22/81  PRNTD: 02/19/82 


OPER 

OPER 

REV 

CONT 

CENT 

WORK 

8TA. 

STDS 
PER  100 

SET  **< 
UP  •* 

»***»« 

8UAN 

y  U  Y  0  F  F  B  ********* 

•**  DATE  *****  STAMP  *** 

S 

NC 

7742 

4010 

NONE 

ENTER 

WORK 

t 

ORDER  '1UANTITV. 

40 


NC 


ISSUE 

CODE:  UNKNOWN 

SIZE:  .0019"  X  8k  X  14- 

PARTS  PER  BHEET  -  A. 

ENTER  HAC  LOT  NUMBER 

# 


HANDLE  IN  CLEAN  COVERED  TOTE  PAN 

THIS  18  SHELF  LIFE  MATERIAL.  SHELF 
LIFE  LABEL  MUST  BE  MAINTAINED  WITH 
MATERIAL  THRU  TO  STORES. 


PRODUCTION 


UNRELEASED  ««***  UNRELEA8ED  *****  UNRELEASED  ************* 


PRODUCTION  ROUT 1 NO  FOR;  MMT.  3DB.  QU,  P/P 
PLANNING  REV.  :  NC  DRAWING  REV.  ;  NC 

PLANNED; 12/22/BI  PRNTD: 02/19/82 


PAGE 

3DB  QUAD  PREPREG 


OPER 

CONT 

WORK 

STD8 

SET 

********  BUYS 

F 

P  S 

********* 

OPER 

REV 

CENT 

STA. 

PER  100 

UP 

**  QUAN  ***  DATE 

***** 

BTAMP  *** 

55 

NC 

5581 

ftOlO 

NONE 

CUT 

TO  SHEET  SIZE  PER 

w/o 

QUANTITY. 

*#  INBPECT  P 1 1  S<  ITT 


CODE  IS:  ft  UNKNOWN 

SIZE  IS:  .  0019"  X  8"  X  14". 

PARTS  PER  BHEE1  *  ft, 

ENTER  HAC  LOT  NUMBER 

LOT  ft - 

PLACE  MATERIAL  IN  A  CLEAN 
COVERED  TOTE  PAN 


PRODUCTION 


QUALITY 


100  NC  5991  2230  NONE  DRILL  TOOLING  HOLES  (8"  X  14") 

9594ft  -  DRILL  JIG 

D3ft207  -  1/4"  DRILL 

G-34ft5  -  .250/. 292"  PLUG  GAGE 


TO  DRILL  PREPREG  STACK  AS  LISTED; 
TOP 

BACK-UP  BOARD 

ENTRY  MATERIAL 

KODACEL 

PREPREG 

KODACEL 

PREPREG 

KODACEL 

ENTRY  MATERIAL 
BACKUP  BOARD 
BOTTOM 


PRODUCTION 


•**•*»•*»»  UNRELEASED  *****  UNRELEASED  *****  UNRELEASED  ************* 

PACE  3 

PRODUCTION  ROUTXN0  FOR:  MMT.  3DB.  OU.  P/P  3DB  QUAD  PREPNEQ 

PLANNING  REV.  :  NC  DRAW! NO  REV.  :  NC 

PLANNED' 13/32/81  PRNTD: 03/19/82 


OPER 

OPER 

REV 

CONT 

CENT 

WORK 
ST  A. 

STDS 

PER  100 

SET  ********  B  U  Y  0  F  F  S  ********* 
UF  **  QUAN  ***  DATE  *****  STAMP  *** 

330 

NC 

9901 

2490 

NONE 

N/C  DRILL  (ACRYLIC  PREPREG) 

PER  MP  317  4  0.  D.  330 

PRODUCTION 


1000  NC 


N/C  ROUT  (ACRYLIC  P/P)  PER  MP  700. 


PRODUCTION 


DEBURR  ACRYLIC  PREPREQ  PER  MP  744 


PRODUCTION 


1190  NC 


II 


FINAL  INSPECT  PER  PI  I  I*  ITI 


QUALITY 


QUALITY 


1190  NC 


PACKAGE  4  IDENTIFY 


COMPLETE  MATERIAL  I.D.  CARD  WITH 
THE  FOLLOWING  INFORMATION: 

A.  PART  NUMBER  4  REVISION 

B.  WORK  ORDER  NO. 

C.  QUANTITY 

D.  DATE  COMPLETED 
(CONTINUED) 


8-24 


UNRELtAbfcD  **««»  UNNfcLbAbtU  •##«*  UNHbLbAtibJJ  ############# 


PAOE  4 

PRODUCTION  ROUTING  FOR:  MMT.  3DB.  QU.  P/P  3DB  QUAD  PREPREQ 

PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 


PLANNED: 12/22/81  PRNTD: 02/ 19/82 


OPER 

CUNT 

WORK 

OPER 

REV 

CENT 

STA. 

1190 

NC 

7744 

6080 

STDS  SET  ##*#**##  B  U  Y  0  F  F  S  ##*#***#* 
IR  100  UP  #*  QUAN  *+*  DATE  •»«#*#  STAMP  *** 

3NE  (CONTINUED) 

E.  APPLICABLE  E.  0.  'S 

IN  THE  REMARK8  SECTION  WRITE  THE 
HAC  PREPREQ  LOT  NUMBER 

PLACE  PARTS  IN  CLEAN  PLASTIC  BAG. 

INSERT  MATERIAL  I.  D.  TAG  IN  BAG, 
EXPEL  EXCEBS  AIR  AND  SEAL. 

PRODUCTION 


1220  NC 


VERIFY  6  STORE  (ACRYLIC  P/P) 

**  INSPECT  PI1  U  1TI 

STORE  IN  DRY  BOX  LDCATED  IN  ETCHED 
CIRCUITRY  AT  COL.  B-9. 

##«««##  NOTE  ♦**#*### 

SEND  PAPERWORK  TO  CENTRAL  STORES. 

PRODUCTION 


QUALITY 


UNRELEASED 


UNRELEASED  *****  UNR&LfcAUkUJ 


PAGE  '  5 

PRODUCTION  ROUTING  FOR:  MMT.  3DB.  QU.  P/P  3DB  OUAD  PREPRBO 

PLANNINO  REV. :  NC  DRAWING  REV.  :  NC 

PLANNED:  12/22/01  PRNTD:  03/19/62 


FABRICATION  ORDER  INFORMATION 


PROCUREMENT  CODE:  - 

WORK  ORDER  QUANTITY:  - 

QUANTITY  REJECTED:  - 

QUANTITY  RECEIVED:  - 

INPUT - - - M-DAY 


SPLIT  -  TRANSFER  TICKET  -  COUNT  VARIANCE 


OPERATION  SPLIT  /  TRANSFER  TICKET 


VARIANCE  BALANCE 
QUANTITY  DELIVERED  M-DAY 


C 

C 

z 

z 

c 

c 

z 

t 

c 

c 

z 

z 

c 

z 

z 

l 

[ 

z 

c 

t 

c 

z 

z 

r 

c 


B- 26 


[ 

Z 

L 

L 

Z 

Z 

[ 

C 

z 

z 

l 

z 

z 

c 

z 

z 

z 

z 

t 

z 

z 

z 

z 

z 

z 

c 

c 


c 


************  JNRELEASED  *****  UNREL.EASED  *****  UNRELEASED  *************** 

PRODUCTION  PLANNING  FORI  MMT. 30B. QU« P / P  308  QUAD  PREPREG 

PLANNING  REV. l  NC  DRAWING  REV.!  NC 

PLANNING  DATES  12/22/91  OATE  PRINTEDl  02/19/82  EFF.i  Pl-UP 
PLANNER!  C.E.  WETENHALL  P.A.E.l  J.G.  ROSSER  P.6.*  D.J.  BRQWNSTEIN 

QUALITV  LEVEL*  EXP/PRG 

NO  OUTSTANDING  DOCUMENTS 


SPECIFICATIONS!  HM$  16-1894  PROGRAM 

MATERIAL*  .0015"  X  8"  X  14"  MATERIAL  CODE* 

MATERIAL  SPECIFICATIONS!  3M  6700 
MASTER  PATTERN  I  FRONT  NUMFFR  NON| 

PATTERN  SETS  NUMBER  NONE 


MMT  UNIT  CODE 
UNKNOWN 


R 

R 


•V  NONE 
■V  NONE 


XXX 


REFERENCE  DRAWING  NO.  NONE 
NO  OUTSTANDING  DOCUMENTS. 


PAGE 


SEASON  PGR  REVISION  HISTORY  -  HMT  .  308  .QU  .P  19 

J5XiU°*‘  REASON  POR  REVISION 

NC  SAMPLE  PUNNING  POR  HMT  DEVELOPMENT 


**********  UNP.etEASED  *****  UNRELEASED  *****  UNR  PLEASED  ************* 

OPERATIONAL  INSTRUCTIONS!  MMT. 30B.QU.P/P  30B  QUAO  PREPR6G  1 

PL  AMN I  NO  REV.!  NC  DRAWING  REV.l  NC 

PLANNING  DATE!  12/22/81  PRINTED:  02/19/82  EFF.lPl-UP 


OPER 

330 


OPER 

REV. 


ENT 


WORK 

STA. 


INSTRUCTIONS 


NC 


N/C  !SStiL2tt8  RYLIC  PREPREGl 

PER  MP  317  C  0.5.  330  6  DRILL  DATA  LISTED  BELOW: 


DRILL  OR  ILL 
SIZE/NO.  TOOL 


.1290 

1/8" 


DB  1290 


HOLE 

SIZE  GAGE  NUMBER 
124/127  G 3368 


COLOR  CODE 


NO.  OF 
HOLES 


4  NP 


TOOLS  AND  GAGfiSi 

NUMBER 

TOOLING  H 
MMT.3nB.0UAD. INN 


DESCRIPTION 
?RES  DR^Ll  TAPE  REV. 


NC 


B-29 


.ray;  nr— -rrxj-  -r  t — — 


1 


«*«**»•*****  UNML8ASE0  *••••  UNR8LEAS80  *****  UNRElEASED  •**••••*••* 
TOOL  A  NO  GAGES  FOR  P/N*  MNT.306.0U.P/P  3DB  QtU0  PREPPEO 

PLANNING  RCV.t  NC  ORAWING  RBV.J  NO 

PLANNING  DATE*  12/22/81  PRINTED*  02/19/82  EPF.*  Pl-UP 


OPER 

330 


TOOL  OR  GAGE  NO.  DESCRIPTION 

mmt.sdbISu^inn?^5  3ft  ll  tape  rev.  NC 


•*•••****••»«*  UNA EL. EASED  *****  UNRELEASED  *****  UNRELEASED  •**««******•* 

i 

PACE  S 

PRODUCTION  ROUT 1 NO  FOR:  MMT.  3DS,  QUAD,  ASS'Y  3DB  QUAD  ASS'Y 
PLANNING  REV.  :  NC  •  DRAWINO  REV.  ;  NC 

PLANNED: 12/83/01  PRNTD:  02/19/83 


OPER  CONT  WORK  STDS  SET  »*•«***»  B  U  Y  0  F  F  S  ********* 
OPER  REV  CENT  ST A.  PER  100  UP  •*  QUAN  •««  DATE  *****  STAMP  *** 

130  NC  BB73  7000  NONE  TETRA  ETCH 

*•  INSPECT 

VERIFY  EXPOSED  SURFACE  TO  IE  FLAT 
BLACK 

PERFORM  TETRA-ETCH  OPERATION  UNDER 
VENTED  HOOD  ONLY. 

*****  CAUTION  ***** 

PROPER  SAFETY  EQUIPMENT  MUST  BE 
HORN. 

USE  A  LONO  SLEEVED  SMOCK.  PACE 

8HEILD  AND  NATURAL  RUBBER  0L0VE8. 

SEE  YOUR  SUPERVISOR  FOR  SAFETY 
EQUIPMENT. 

DO  NOT  PROCESS  PARTS  WITHOUT  A 
PROCESS  ENGINEER  PRESENT. 

USE  THE  FOLLOWINQ  PROCEEDURE: 

USE  PA  0938  TANK  RACK. 

FILL  TANKS  AS  LISTED  BELOW: 

TANK  1  -  TETRA-ETCH  <MR0B-04B0) 
TANK  3  -  CHLOROTHANE  NU  (MRO 
9-0690  > 

TANK  3  -  CHLOROTHANE  NU  <MRO 
9-06 SO > 

TANK  4  -  ACETONE  (MRO  9-0000) 

TANK  5  -  ACETONE  (MRO  9-0000)  . 

*********  CAUTION  ********* 

PROPER  SAFETY  EQUIPMENT  MUST  BE 
WORN. 

PROCESS  PER  LIST  BELOW: 

TANK  1  TETRA-ETCH  -  3  MINUTES  MIN. 
TANK  3  CHLOROTHANE  NU  -  1  MINUTE 
MIN. 

TANK  3 -CHLOROTHANE  NU  -  1  MINUTE 
MIN. 

TANK  4-ACETONE  -  1  MINUTE  MIN. 

TANK  B-ACETONE  -  1  MINUTE  MIN. 

AIR  DRY 


♦•*«♦*•**♦♦♦«#  UNRELEABED  ##♦♦♦  UNRELEABED  *****  UNRELEASED 


PACE  0 

PRODUCTION  ROUTING  FOR  MMT.  3DB  QUAD.  ABB'Y  3DBQUADASS'Y 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 

PLANNED; 12/32/81  PRNTD; 02/19/02 


QPER 

OPIR 

REV 

CONT 

CENT 

WORK 

8TA, 

BTD8 

PER  100  ' 

UP  ♦♦  QUAN  ♦♦♦  DATE 

F  F  8  ********* 
*****  STAMP  ♦♦♦ 

120 

NC 

3373 

7000 

NONE 

(CONTINUED) 

OPERATOR;  CHECK  PANNELS  100*/.. 
THERE  SHALL  BE  NO  WAXY  RESIDUE  OR 
WHITE  DEPOSITS  ON  THE  SURFACE. 


IF  THIS  CONDITION  IB  POUND.  PERFORM 
THE  PROCESS  AGAIN. 


PRODUCTION 


183 


BOND  PER  MP  742  It  MP  738 
♦♦INSPECT  PI1  *  IT! 

ENTER  HAC  PREPREG  LOT  NO. 


# - - - - - 

LAY-UP  SEQUENCE  it  BONDED  THICKNESS 
LISTED  IN  "TOOLS  E  GAGES" 


PRODUCTION 


QUALITY 


180  NC  8861  8960  NONE 


SODIUM  PERSULFATE  ETCH 
< 1 )  PAS8  ONLY  THRU  MODULE 
SULFURIC -CITRIC  ACID  RINSE  -  1 
MINUTE 

WATER  RINSE  -  1  MINUTE 
DI  WATER  RINSE  -  1  MINUTE 
AIR  DRY. 


PRODUCTION 


UNRELEA1ED  *****  UNRELEASED  *****  UNRELEA8ED  ************* 


* 

PACK  4 

PRODUCTION  ROUTING  POP:  MHT.  3DB.  GUAD.  ASS'Y  3DB  QUAD  ASS'Y 
PLANNING  RKV,  :  NC  DRAWING  RKV. :  NC 

PLANNED:  13/88/81  PRNTD: 08/19/88 


OPER 

OPER 

REV 

CONT 

CENT 

WORK 

8TA. 

STDS 

PER  100 

SET.  ********  B  U  Y  0  F  F  8  ********* 

330 

NC 

9911 

8490 

NONE 

DRILL  PER  HP  317  It  0.  D.  330  <M/L> 
X-RAY  PER  HP  7A9 

PRODUCTION 


333 


QUALITY 


GUAL1TY 


395 


N/C  ROUT  PER  HP  700 

ROUT  PER  TOOLS  V  GAGES  LISTINGS 


:  PLACE  KRAFT  PAPER  BETWEEN  EACH 
LAYER  OF  BOARDS. 


PRODUCTION 


8-34 


- a  |  mi  mu, 


'******###*  UNHbLbAtfbU  *****  UNKtLtABtU  *****  UNHbLbAfetbU  ************* 

PACE  9 

PRODUCTION  POUT! NO  POP:  MMT,  3DB.  QUAD.  ABS'Y  ODD  QUAD  ABS'Y 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 


PLANNED:  12/22/81  PRNTD: 02/19/02 


OPER 

OPER 

REV 

CONT 

CENT 

WORK 

STA. 

STDS 
PER. 100 

SET  ********  B  U  Y  0 
UP  **  QUAN  ***  DATE 

F  F  9  ********* 
*****  STAMP  *** 

396 

NC 

9SS1 

6010 

NONE 

MASK  PER  0,  D.  396 

PRODUCTION 


QUALITY 


AOS  NC  3973  7000  NONE  TETRA  ETCH 

**  INQPECT 

VERIFY  EXPOSED  SURFACE  TO  BE  FLAT 
BLACK 

PERFORM  TETRA-ETCH  OPERATION  UNDER 
VENTED  HOOD  ONLY. 

*****  CAUTION  ***** 

PROPER  SAFETY  EQUIPMENT  MUST  BE 
WORN. 

USE  A  LONG  SLEEVED  SMOCK,  FACE 
SHEILD  AND  NATURAL  RUBBER  GLOVES. 

BEE  YOUR  SUPERVISOR  FOR  SAFETY 
EQUIPMENT, 

DO  NOT  PROCESS  PARTS  WITHOUT  A 
PROCESS  ENGINEER  PRESENT. 

USE  THE  FOLLOWING  PROCEEDURE: 

USE  PA  3908  TANK  RACK, 

FILL  TANKS  AS  LISTED  BELOW: 

TANK  1  -  TETRA-ETCH  (MR09-0430) 
TANK  2  -  CHLOROTHANE  NU  <MRO 
9-0690) 

TANK  3  -  CHLOROTHANE  NU  <MRC1 
3-0690) 

TANK  4  -  ACETONE  <MRO  3-0000) 
TANK  9  -  ACETONE  (MRO  3-0000)  . 


B-35 


(CONTINUED) 


♦****MH***r»***w  urtNftUMMMU  «»»»»  UlwtUlMMM  »»»»»  wiwkmuhm 


PAOE  A 

PRODUCTION  ROUT I NO  FOR:  MMT.  3DB.  QUAD,  ABB'Y  3DB  QUAD  ABB 'Y 
PLANNING  RBV. :  NC  DRAWING  REV.  :  NC 

PLANNED: 12/22/91  PRNTD: 03/19/83 


DPER 

CONT 

WORK 

STDS 

OPER 

REV 

CENT 

STA. 

PER  100 

409 

NC 

9973 

7000 

NONE 

SET  ********  B  U  Y  0  F  F  8  ********* 
UP  **  QUAN  ***  DATE  *****  STAMP  *** 

< CONTINUED) 

*********  CAUTION  ********* 

PROPER  SAFETY  EQUIPMENT  MUST  BE 

MORN. 


PROCESS  PER  LIST  BELOW: 

TANK  1  TBTRA-ETCH  -  3  MINUTES  MIN. 
TANK  3  CHLOROTHANE  NU  -  1  MINUTE 
MIN* 

TANK  3-C HLOROTH ANE  NU  -  1  MINUTE 
MIN. 

TANK  4-ACETQNE  -  1  MINUTE  MIN. 

TANK  9-ACETQNE  -  1  MINUTE  MIN. 

AIR  DRY 

OPERATOR:  CHECK  PANNEL8  100%. 

THERE  SHALL  BE  NO  WAXY  RESIDUE  OR 
WHITE  DEPOSITS  ON  THE  SURFACE. 

IF  THIS  CONDITION  IS  FOUND.  PERFORM 
THE  PR0CES8  AGAIN. 


PRODUCTION 


CIO 


ELECTROLESS  COPPER  SHELL  PLATE  PER 
MP  743 

**  INSPECT  PI  I  fc  ITI 

VERIFY  SHELL  PLATE  COMPLETE  ON  ALL 

EDGES 


WEIGHT  GAIN  SAMPLE  TO  PROCESS 
CONTROL  LAB  REQUIRED  EVERY  4  HOURS. 

::  HANDLE  BY  EDGES  ONLY.  WEARING 
CLEAN.  WHITE  OLOVES. 

QUALITY  ECLR  BUYOFF 


(CONTINUED) 


8-36 


**************  UNRELEASED  *****  UNRELEASED  *****  UNRELEASED 

PACE  7 

PRODUCTION  ROUTIN8  FOR:  MHT.  3DB.  QUAD.  AB8'Y  3DB  QUAD  AfiS'V 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 

PLANNED: 12/88/01  PRNTD: 02/ 19/82 


OPER 

OPER 

REV 

CONT 

CENT 

WORK 

STA. 

STDS 
PER  100 

SET  ********  B  U  Y  0  F  F  B  ********* 
UP  #*  QUAN  ***  DATE  *****  STAMP  *** 

410 

NC 

5301 

5282 

NONE 

< CONTINUED) 

PRODUCTION 


QUALITY 


490  NC  5301  9278  NONE  COPPER  PLATE-ONLY  PER  MP  733 

**  INSPECT  PI  I  t<  111 

LAB  SAMPLE  REQUIRED. 

QUALITY  ECLR  BUYQFF 


PRODUCTION 


QUALITY 


**************  UNRELEASED  *****  UNRELEASED  *****  UNRELEASED  ******4****** 

PAGE  S 

PRODUCTION  ROUT  I  NO  FOR:  MMT.  3DB.  QUAD.  ABS'Y  3DB  QUAD  ASS'Y 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 

PLANNED: 12/82/01  PRNTD: 08/19/82 


OPER 

OPER 

REV 

CONT 

CENT 

WORK 

8TA. 

STDS 
PER  100 

SET  *»**»»*•  B  U  Y  0  F  F  a  ********* 

491 

NC 

9981 

4010 

NONE 

REMOVE  MASK 

PRODUCTION 


QUALITY 


499  NC  9981  4770  NONE  N/C  ROUT  PER  MP  700 

ROUT  PER  TOOLS  l«  SA0E8  LISTINGS 

i 

:  HANDLE  PART9  IN  CLEAN  PLASTIC 
BAQS  OBTAINED  FROM  STOCK  OR  IN 
CUSHIONED  BAGS  FROM  MRO  STORES. 

BAOOED  PARTS  ARE  TO  BE  PLACED  FLAT 
IN  A  89"  X  17"  X  3"  CLEAN,  COVERED 
TOTE  PAN  IN  COMPARTMENTS  FORMED  BY 
A  PLASTIC  INSERT. 

MAINTAIN  THRU  TO  STORES. 

IF  PLASTIC  INSERTS  ARE  NOT 
AVAILABLE,  PLACE  PAPER  BETWEEN  EACH 
LAYER  OF  BOARDS. 


PRODUCTION 


******•*«*  UNRELEASED  *****  UNRELEASED  *****  UNRELEABED  ************* 

PAGE  9 

PRODUCTION  ROUTING  FOR:  MMT.  3DB.  QUAD.  ASS 'Y  30B  QUAD  ASS'Y 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 

PLANNED: 12/22/81  PRNTD; 02/ 19/82 


OPER 

CONT 

WORK 

STDS 

□PER 

REV 

CENT 

STA. 

PER  100 

750 

NC 

5581 

7086 

NONE 

SET  *#**#*##  B  U  Y  0  F  F  S  ********* 
UP  **  QUAN-  ***  DATE  *****  8TAMP  *** 

TRACEABILITY  MARK  MP  763  S<  OD  750 
**  INSPECT  PER  ITI  *  OD  750 


1110  NC  5581  5340  NONE 


1150  NC 


W 


FINAL  CLEAN  PER  MP  739 

;  AFTER  FINAL  CLEAN,  BOARDS  t  TES7 
COUPONS  ARE  TO  BE  HANDLED  BY  THE 
EDGES  ONLY  OR  WHEN  WEARING  CLEAN 
WHITE  GLOVES. 

OLD  PLASTIC  BAGS  SHALL  BE 
DISCARDED.  PARTS  SHALL  BE 
REPACKAGED  IN  CLEAN  PLASTIC  BAGS. 

PRODUCTION 


FINAL  INSPECT. PER  PII  &  ITI 
QUALITY  ECLR  BUYQFF 


QUALITY  | 

. . . i 

i 


QUALITY 


***********  UNRELEASED  *****  UNRELEASED  *****  UNRELEA8ED  ************* 

'  RAGE  10 

PRODUCTION  ROUTING  FOR:  MHT.  3DB.  QUAD.  AB8  'Y  3DB  QUAD  ASS'V 

PLANNING  REV. :  NC  DRAWING  REV.  :  NC 
PLANNED:  12/22/81  PRNTD:  02/19/82 


OPER 

OPER 

REV 

CONT 

CENT 

WORK 

STA. 

ID  O 

e- 

in  x 
ui 
a. 

UP  **  QUAN  ***  DATE 

F  F  S  ********* 
*****  STAMP  *** 

1190 

NC 

7744 

6080 

NONE 

IDENTIFY 

COMPLETE  MATERIAL  I.  D.  CARD  WITH 
THE  FOLLOWING  INFORMATION: 

A.  PART  NUMBER  It  REVISION. 

B.  WORK  ORDER  NO. 

C.  QUANTITY 

D.  DATE  COMPLETED 

E.  APPLICABLE  CHANGE  DOCUMENTS 
(  ED'S*  ROW'S.  ETC.  >. 


IN  THE  REMARKS  SECTION  INSERT  HAC 
MATERIAL  LOT  NUMBER 

RETAIN  MATERIAL  I.  D.  TAG  WITH  TOTE 
PAN.  . 


PRODUCTION 


1260  NC 


VERIFY  li  STORE 
**  INSPECT  PER  PI I 


VERIFY  COUNT  Si  PACKAGING. 

COMPLETE  PAPERWORK. 

RETAIN  MATERIAL  I.D.  TAG  WITH  PARTS 
IN  STORAGE. 

PRODUCTION 


QUALITY 


8-40 


«  UNRELEASED  »«#**  UNRELEA8ED  *****  UNRELEASED  #**#####*#### 


PAGE  1 1 

PRODUCTION  ROUT I NO  FOR:  MMT.  3DB.  QUAD.  ASS'Y  ,  3D8  QUAD  ASB'Y 
PLANNINO  REV.  :  NC  DRAM! NO  REV.  :  NC 

PLANNED: 12/ 22/ SI  PRNTD: 02/19/62 


FABRICATION  ORDER  INFORMATION 


PROCUREMENT  CODE;  - 

WORK  ORDER  QUANTITY:  - 

QUANTITY  REJECTED:  - 

QUANTITY  RECEIVED:  - 

INPUT -  M-DAY 


SPLIT  -  TRANSFER  TICKET  -  COUNT  VARIANCE 

VARIANCE  BALANCE 

OPERATION  SPLIT  t  TRANSFER  TICKET  QUANTITY  DELIVERED  M-DAY 


PACE  l 


************  UNRELEASED  *****  UNRE LEASED  *****  UNRELEASED  ******* 

P RQOUCT ION  PLANNING  FORI  MMT.3D8. QUAO.ASS* Y  JOB  QUAD  ASS'Y 
PLANNING  A  EV  •  l  NC  DRAWING  REV.-*  NC 

PLANNING  DATE*  12/22/81  DATE  PRINTED*  02/19/82  EFP.*  PL-UP 
PLANNER*  C.E.  hETENHALL  P.A.E.i  J.G.  ROSSER  P.E.*  D.J.  BROWNSTEIN 

QUALITY  LEVEL*  EXP/PRG 

NO  OUTSTANDING  documents 


SPECIFICATIONS*  HP  31-18  PROGRAM 

MATERIAL*  STORES  ITEMS  MATERIAL  CODE* 

MATERIAL  SPECIFICATIONS*  AS  ISSUED 

MASTER  PATTERN*  FRONT  NUMBER  NONE 
REAR  NUMBER  NONE 

PATTERN  SET*  NUMBER  NONE 


MMT  UNIT  CODE 
AS  ISSUED 

REV  NONE 
REV  NONE 


XXX 


REFERENCE  ORAWING  NO.  NONE 
NO  OUTSTANDING  DOCUMENTS. 


REASON  FOR  REVISION  HISTORY  -  MMT.  3D0.  QUAD.  ft  SS '  Y 


PAGE 


NC 


R E ISON  FOR  REVISION 

SAMPLE  PLANNING  FOR  MHT  DEVELOPMENT 


********  UNRELEASED  *****  UNRELE  ASEO  *****  UNRELEASED  ******** 
TOOL  A  NO  CAGES  FOR,  P/Nl  ‘ MMT . 308. QUAD. ASS' Y  306  QUAD  ASS'? 
PLANNING  REV «t  NC  DRAWING  REV.  »  NC 
PL ANN  I NG  OATS  *  12/22/81  PRINTED!  02/19/82  EFP.t  Pl-UP 

OPER 
30 


158 


330 


333 

0.0.  330 

DRILL  LISTING 

39  5 

PA-300. QU40. 395-2NC 
308. QUAD.  ASS'Y/395 

S8uf°V5ptU‘?Iv.  NC 

196 

0.0.  396 

MASK 

495 

PA-300. QUAD. AS' Y-2NC 
30B.0UA0. ASS' Y/495 

CONTOUR  GUIDE 

RQJT  TAPE  REV.  NC 

750 

Q.O.  750 

TRACEABI LI TY  MARK 

TOOL  OR  GAGE  NO. 
R2201-A-GR 

\km 


OESCRIPTION 

INN6RLAYER 
OUTERLAYER  VI 
42 


m 


TOP  OF  LAY-UP 


6.  9220  l-O-PP 
F  ,  9  220  1-C-GR 

G.  3CTTCM  QF 

H.  BONDED  THICKNESS! 


MHEtm  .t 

i§gS3feI¥E" 

OUTERLAYER  A2 
LAY-UP 
•  070/ .  075  M 


0.0.  330 

PA- 30(3. QUAD.  AS'  Y-1NC 
3  OB. QUAD. ASS 'Y/ 230 


m 


1ST ING 

CATION  GUIDE 
APE  REV.  NC 


B-44 


»*«***«**'*  UNRELEASED  *****  UNRElEASED  *****  UNRELEASED 
OPERATIONAL  INSTRUCTIONS*  MMT. SOB. QUAD. ASS' Y  3DB  QUAD  ASS'Y 
PLANNING  REV • I  NC  DRAWING  REV. I  NC 

PLANNING  DATE*  12/22/81  PRINTED*  02/19/82  EFF.'J  Pl-UP 


OPgR  CONT 
OPER  REV.  CENT 

W?TA.  INSTRUCTIONS 

» 

330  NC 

5581 

m  n 

2  490 

•R  MP  317  G  Q.  D. 330  (M/U 
|R  MP  769 

S’li^NO. 

?SitL 

s?H  gage  number 

COLOR  CODE 

NO.  OF 
HOLES 

3I 20MM 

061259 

124/127  G3368 

RED 

a  np 

.L440 

*27 

091440 

143/1  52  G 14669 

WHITE 

8  NP 

TOOLS  ANO  GAGES* 
NUMBER 


number  description 

PA  - 3ol  .3uAD  . A  S • Y-l NC  SoL^lWaHoN  GUIDE 
308  .QUAD .ASS 'Y/330  ■  DRILL  TAPE  REV.  NC 


*####***##*#*#  UNRELEASED  *****  UNRELEASED  *****  UNR CLEARED  ************* 

PACE  1 

PRODUCTION  ROUTING  FOR:  MMT.  3DI,  QUAD.  OUTER#!  3DB  QUAD  OUTER  Ml 
PLANNING  REV.  :  NO  DRAWING  REV.  :  NC 


PLANNED:  12/28/81  PRNTD:  08/ 19/88 


OPER 

CONT 

WORK 

STDS 

OPER 

REV 

CENT 

STA. 

PER  100 

S 

NC 

7748 

4010 

NONE 

SET  »«*««*««  ■  U  Y  0  P  P  S  *■**#■***## 
UP  **  QUAN  ***  DATE  *****  BTAMP  *** 

ENTER  WORK  ORDER  QUANTITY. 


10 


NC 


1 


ISSUE 

CODE:  UNKNOWN 

DE8C.  :  .  031“  X  8"  X  14H 

SPEC.  :  QRN-OC40-C 1 /00-I8B 


PARTS  PER  PAN1L 


:  HANDLE  AS  PACKAOED  IV  VENDOR 
PRODUCTION 


LOT  • 


43 


100 


:  HANDLE  IN  CLEAN  COVERED  TOTE  PAN 
PRODUCTION 


QUALITY 


DRILL  TOOLING  HOLES  (8"  X  14") 
(CONTINUED) 


B-4G 


+*##########*#  UNRELEABED  «*•#•  UNRELEASED  *****  UNRELEA8ED  ###*######### 


PAGE 

PRODUCTION  ROUTING  FOR:  MHT.  3DB.  QUAD. OUTER# 1  3DB  QUAD  OUTER  #1 
PLANNING  REV,  :  NC  DRAWING  REV.  :  NC 


PLANNED: 12/22/81  PRNTD: 02/ 19/S2 


OPER 

CONT 

WORK 

STDS 

SET  *##«#«#*  B  U  Y  0 

F  F  S 

#***##### 

OPER 

REV 

CENT 

BTA. 

PER  100 

UP  **  QUAN  ***  DATE 

***** 

STAMP  *** 

100 

NC 

5561 

2230 

NONE 

(CONTINUED) 

959.46  “  DRILL  JIG 
D36207  -  1/4"  DRILL 
G-3465  -  . 250/.  252 " 

PLUQ 

GAGE 

DRILL  WITH  COPPER  SIDE  DOWN. 


PRODUCTION 


330 


DRILL  PER  HP  317  It  0.  D.  330  (D/S) 


PRODUCTION 


333 


IN8PECT  DRILL  -  Pllt  ITI  It  0,  D.  330 
QUALITY 


QUALITY 


1000 


N/C  ROUT  PER  HP  700 

ROUT  PER  TOOLS  t  GAGES  LISTINGS 


:  HANDLE  PARTS  IN  CLEAN  PLASTIC 
BAGS  OBTAINED  FROM  STOCK  OR  IN 
CUSHIONED  BAG8  FROM  MRO  STORES. 


BAGGED  PARTS  ARE  TO  BE  PLACED  FLAT 
IN  A  25"  X  17"  X  3"  CLEAN.  COVERED 
(CONTINUED) 


^  .  ... 


v  . ..  '.r;  - 


B-47 


**************  UNRELEASED 


UNRELEABED  *****  UNRELEABED 


PAGE  3 

PRODUCTION  POUTING  FOR:  MHT.  301.  OUAO.  OUTER# 1  ODD  QUAD  OUTER  #1 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 


PLANNED:  13/22/81  PRNTD;  03/19/82 


OPER 

OPER 

REV 

CONT 

CENT 

WORK 

STA, 

STDS 

PER  100 

SET  ********  1  U  Y  0  F  F  3  ***#»»**» 
UP  **  QUAN  ***  DATE  *****  STAMP  *** 

1000 

NC 

SBS1 

4770 

NONE 

(CONTINUED) 

TOTE  PAN  IN  COMPARTMENTS  FORMED  BY 
A  PLASTIC  INSERT. 


MAINTAIN  THRU  TO  STORES. 

IF  PLASTIC  INSERTS  ARE  NOT 
AVAILABLE.  PLACE  KRAFT  PAPER 
BETWEEN  EACH  LAYER  OF  BOARDS. 

PRODUCTION 


mo 


FINAL  CLEAN  PER  MP  73# 


:  AFTER  FINAL  CLEAN,  BOARDS  V  TEST 
COUPONS  ARE  TO  BE  HANDLED  BV  THE 
EDGES  ONLY  OR  WHEN  WEARING  CLEAN 
WHITE  OLOVEB. 


PRODUCTION 


1  ISO 


INSPECT  PER  PI  I  fc  ITI 


QUALITY 


QUALITY 


PACKAGE  fc  IDENTIFY 


(CONTINUED) 


PACE  A 

PRODUCTION  ROUTING  FOR:  MMT.  3DB,  QUAD.  OUTER# 1  3DB  QUAD  OUTER  #1 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 

PLANNED: 12/28/81  PRNTD: 02/19/82 


OPER 

□PER 

REV 

CONT 

CENT 

WORK 

STA. 

STD8 

PER  100  • 

BET  *#*#*#*■*  B  U  Y  0 
UP  QUAN  *+*  DATE 

F  F  S  ft******** 
*#*4*  STAMP  **•* 

1190 

NC 

7744 

6080 

NONE 

(CONTINUED) 

PLACE  PARTB  IN  A  CLEAN  TOTE  PAN 
WITH  CLEAN  PAPER  ON  THE  BOTTOM  AND 
BETWEEN  LAVERS. 


COMPLETE  MATERIAL  I.  D,  CARD  WITH 
THE  FOLLOWING  INFORMATION: 

A.  PART  NUMBER  t  REVISION. 

B.  WORK  ORDER  NO. 

C.  QUANTITY 

D.  DATE  COMPLETED 

E.  APPLICABLE  CHANGE  DOCUMENTS 
(  EO  'Si  RDW'B.  ETC.  > 

IN  THE  REMARKS  SECTION  IN8ERT: 

1.  HAC  MATERIAL  LOT  NO'S. 

2.  MASTER  PATTERN  REVISION  FOR  EACH 
LAYER. 


RETAIN  MATERIAL  I.  D.  TAG  WITH  TOTE 
PAN. 

PRODUCTION 


1260  NC 


VERIFY  &  STORE 
#*  INSPECT  PER  PI  I 


VERIFY  COUNT  It  PACKAGING. 
COMPLETE  PAPERWORK. 


RETAIN  MATERIAL  l.D.  TAG  WITH  PARTS 
IN  STORAGE. 


PRODUCTION 


QUALITY 


B-49 


UNRILE A BED 


UNRELEASED  *****  UNRELEASED  ************* 


PACE  ft 

PRODUCTION  ROUTINO  FOR:  MMT.  3DB.  QUAD.  OUTER  Ml  3DQ  QUAD  OUTER  Ml 
PLANNING  REV.  :  NC  DRAWING  REV.  :  NC 

PLANNED:  12/82/B1  PRNTD: 02/ 19/SS 


FABRICATION  ORDER  INFORMATION 

PROCUREMENT  CODE:  - - 

WORK  ORDER  QUANTITY:  - - - - 

QUANTITY  REJECTED:  - - 

QUANTITY  RECEIVED:  - * - 

INPUT -  M-DAY - 

SPLIT  -  TRANSFER  TICKET  -  COUNT  VARIANCE 


OPERATION  SPLIT  /  TRANSFER  TICKET 


VARIANCE  BALANCE 
QUANTITY  DELIVERED  M-DAV 


A***********  UNRELEA  SED  *****  UNRELEASED  *****  UN RELEASED  ************** 

PACE 

PRODUCTION  PLANNING  FOR!  MMT. 3DB. QUAD. OUT ERM1  3QB  QUAO  OUTER  *1 
PLANNING  RSV.l  NC  DRAWING  REV*  t  NC 

PLANNING  DATE*  12/22/81  DATE  PRINTED:  02/19/82  EF'F.S  Pl-UP 
PLANNERS  C.E.  WETENHALL  P.A.E.:  J.G.  ROSSER  P.E.s  D.J.  BROWNSTEIN 

QUALITY  LEVELS  EXP/PRG 

NO  OUTSTANDING  DOCUMENTS 

SPECIFICATIONS!  HP  31-13  PROGRAM  MMT  UNIT  CODE  XXX 

MATERIAL!  .031"  X  3"  X  14"  MATERIAL  CODE!  UNKNOWN 

MATERIAL  SPECIFICATIONS!  GRN-0290-C 1/00-B23 

MASTER  PATTERN!  FRONT  NUMBER  NONE  REV  NONE 

REAR  NUMBER  NONE  REV  NONE 

PATTERN  SET!  NUMBER  NONE 


REFERENCE  OR  AW  IMG  NO.  NONE 
NO  OUTSTANDING  DOCUMENTS. 


REASON  FOR  REVISION  HISTORY  -  MMT . SOB .QUAD. OUTER#! 

nu^I40N  reason  for  revision  , 

NC  SAMPLE  PLANNING  FOR  MM T  DEVELOPMENT 


********  UNRELEASED  *****  UNRELEASED  *****  UNRELEASED  *********** 
TOOL  ANO  GAGES  FOR  P/Ns  MHT .3DB. QUAD >  OUTER# 1  BDB  QUAD  OUTER  *1 
PLANNING  REV.s  NC  DRAWING  REV. s  NC 

PLANNING  DATE:  12/22/81  PRINTED:  02/19/82  6FF.S  Pi-UP 


OP  ER 
330 


TOOL  OR  GAGE  NC,  DESCRIPTION 

TOOLING  HOLES  ONLY 

308.  QUAD.  OUTERn/330  DRILL  TAPE  REV.  NC 


333  O.D,  330  DRILL  LISTING 


1000  PA-30B.QUAD.OUTERA1 
3 CB. QUAD. OUT  ERA! 


CONTOU 
ROUT  T 


R  GUIDE 


APE  REV. 


NC 


1120  PA-30b. QUAD. OUTER#!  CONTOUR  GUIDE 


B-53 


.**««•«•***  UNRELEASED  *****  UNRELE AS  ED  *****  UNREL  EASED  ** 
OPERATIONAL  INSTRUCT  IONS*  MMT.30B.QUA0.0UTBRFI  3DB  QUAO  OUTER 
PLANNING  REV.:  NC  ORAWING  REV.:  NC 

PLANNING  DATE:  12/22/81  PRINTED:  02/IR/8Z  EPF.:  Pl-UP 


f‘Sf 


OPER 
330  ■ 


OPER 

REV. 


CONT 

CENT 


WORK 

STA. 


INSTRUCTIONS 


NC  35  81  2  490 

DRILL  PER  MP  317  C  0.0.  330  ID/S) 


OR  I L^  _  DRILL 


SIZE/NC.  TOOL 

081250 


,  1250 
1/8" 


HOLE 

SUE  GAGE  NUMBER 
124/127  G3368 


COLOR  CODE 


NO.  OF 
HOLES 


4  NP 


TOOLS  AND  GAGES: 
NUMBER 


DESCRIPTION 


3DB  .&U  AO*.OU?  1r  1/  330  SrV 


RILL  TAPE  REV.  NC 


B-54 


APPENDIX  C 

REPORT  OF  ANALYSIS  OF  ACCURACY  AND  REPEATABILITY  OF  EXCELLON  DRILL  MACHINES 
OBJECTIVES  OF  ANALYSIS 

1)  Primary  Objective:  Determine  expected  accuracy  and  repeatability 
(consistency)  of  each  Excellon  drill  machine  with  associated 
confidence  limits. 

2)  Secondary  Objective: 

•  Develop  a  method  for  forecasting  needed  maintenance  caused  by  wear 
and  aging. 

•  Develop  a  method  of  analysis  which  will  define  potential  trouble 
areas  that  produce  an  assignable  variance  In  product. 

a  Determine  If  entry  material  has  any  significant  effect  on  product 
.variation. 


METHODOLOGY 

A  PWB  was  designed  that  easily  permitted  Isolation  of  deviations  caused 
by  machine  axis  and  direction  of  travel.  Each  PWB  has  60  drilled  holes.  Four 
boards  are  drilled  simultaneously,  one  at  each  station  on  each  of  the  three 
Excel  Ion  drill  machines.  Four  runs  are  made  on  each  machine, so  that  16  total 
boards  are  drilled  on  each  machine,  giving  us  a  total  of  960  holes  per  machine. 

An  inspection  program  was  written  for  the  Cordax  CMM  which  gave  us  a 
punched  output  of  X  and  Y  deviations  from  nominal  hole  positions.  This 
punched  output  was  then  read  In  as  a  data  file  from  each  respective  Excellon 
drill  machine  Into  the  DTSS  computer  system. 

Software  was  developed  that  sorted  our  input  data  base  Into  15  separate 
files.  One  of  these  files  contains  true  position  deviation  from  nominal. 
Manipulation  of  this  file  on  each  machine  leads  to  these  conclusions: 

(Numbers  are  ten-thousandths  of  an  inch.) 


C-l 


Average  TP  Deviation 
(Diameter) 

Machine  1  (East)  H-58495 
Machine  2  (West)  H-S9370 
Machine  3  (North)  A-752423 

At  the  3o  confidence'  level: 

Ml  30.0867 
M2  28.9287 
M3  32.2008 

The  probability  of  any  machine  drilling  a  hole  with  true  position  deviation 
greater  than  the  3o  level  Is  1,3499  x  10*^. 

At  the  4o  confidence  level: 

Ml  35.6715 
M2  34.333 
M3  37.7503 

The  probability  as  above,  at  the  4o  level  Is  3.1686  x  10”5. 

At  the  5o  confidence  level: 

Ml  41.2565 
M2  39.7381 
M3  43.2998 

* 

The  probability  at  the  5o  level  is  2.371  x  10”7. 

Further  analysis  of  Individual  data  files  revealed  that  the  individual 
axis  deviation  (not  the  true  position, which  Is  a  composite  of  two  separate 
axes)  averaged  around  4  (0.0004  Inch).  This  number  Is  uncomfortably  close  to 
the  stated  accuracy  of  the  medium  of  Inspection.'  Consequently,  a  further 
analysis  to  try  to  Isolate  deviation  caused  by  the  Inspection  procedure  was 
Implemented.  Six  boards  having  360  holes  were  randomly  selected  from 


13.3319  5.5849 
12.7146  5.4047 
15.5523  5.5495 
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machine  1.  These  boards  were  then  reinspected,  and  this  data  file  was 
compared  to  the  original  data  file  for  the  same  boards.  The  average  error 
caused  by  the  Inspection  procedure  Is  a  TP  deviation  of  12.7307  ten  thou¬ 
sandths  with  a  a  of  5.174129.  This  Is  80  to  100  percent  of  the  total  average 
error  and  90  percent  or  more  of  the  total  variation.  Ultraconservatively,  it 
could  be  said  that  half  of  Its  average  deviation  measurement  Is  caused  by  part 
variation  and  the  other  half  is  caused  by  measurement  error.  The  same  may  be 
said  for  the  variance.  By  the  addition  theorem  of  the  normal  distribution, 
the  mean  error  may  be  subtracted  directly  from  the  total  measured  mean  (being 
conservative,  we  will  subtract  only  half  of  the  error). 


*T 

hl2 

*p  "  *T  "  *E/2 

Ml 

13.3319 

6.3654 

6.9665 

xp  •  part  average 

M2 

12.7146 

6.3654 

6.3492 

xT  -  total  average 

M3 

15.5523 

6.3654 

9.1869 

x£  -  error  average 

By  the  same  law,  the  standard  deviations  may  not  be  directly  subtracted  but 
the  variances  may. 


and 


°T 

°P 

Ml 

5.5849 

3.9491 

M2 

5.4047 

3.8217 

M3 

5.5495 

3.9241 
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This  leads  us  to  the  conclusion  that  the  respective  machines  are  capable  of 
holding  true  position  of: 

Machine  1  xp  +  5  op  -  6.9665  -  5*  3.9491  .  26.712 

Machine  2  xp  +  5  cp  -  6.3492  +  5*  3.8217  .  25.4577 

Machine  3  x„  +  5  a  -  9.1869  *  5*  3.9241  ^  28.8074 

P  P 

with  a  probability  of  0.99999971. 

At  this  point,  that  maximum  material  condition  has  never  been  taken 
Into  account  In  this  analysis.  If  0.004  at  MMC  were  allowed,  then  all 
machines  are  capable  of  consistently  holding  true  position  zero. 

It  has  been  stated  that  entry  material  contributed  to  the  accuracy  of  the 
excellon  drill  machines.  A  separate  run  was  made  (4  boards,  240  holes),  and 
the  data  were  run  through  an  AN0VA  (Analysis  of  Variance)  program.  The  aver¬ 
age  difference  In  true  position  deviation  due  to  entry  material  Is 
0.0000396  Inch.  The  probability  of  entry  material  having  any  effect  on  posi¬ 
tional  accuracy  of  the  drill  machines  Is  0.08054. 

While  watching  the  drill  machines  at  work,  It  was  noticed  that  some  of  ' 
the  pins  used  to  located  the  PWBs  on  the  machine  table  were  easier  to  Insert 
and  remove  than  other  pins.  A  simple  test  showed  that  some  pins,  and  some 
bushings  that  received  the  pins,  were  worn.  A  separate  run  of  the  four  boards 
was  then  made,  using  new  (unworn)  pins.  Analysis  of  these  data  showed  that 
new  pins  generated  an  Improvement  In  positional  accuracy  of  the  X  axis  of 
approximately  0.0006  Inch,  but  had  virtually  no  effect  on  Y  axis  accuracy.  It 
was  later  found  that  the  top  left  bushing  being  used  to  hold  the  PWBs  In  place 
permitted  the  PWB  to  pivot  In  the  X  direction,  but  the  lower  right  bushing 
prevented  motion  of  the  PWB  In  the  Y  direction. 

CONCLUSIONS  AND  RECOMMENDATIONS: 

1)  Have  all  three  Excellon  drill  machines  defined  as  certified  tools. 

a  Have  the  master  check  plate  (PA3722)  fitted  with  new  bushings,  and 
have  two  sets  of  new  pins  made  for  use  with  the  check  plate.  The 
pins  should  be  of  two  different  (color  coded)  sizes.  One  size 
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(the  larger  pins)  will  be  used  as  a  flag  for  engineering  evaluation 
of  machine  drift,  and  the  smaller  size  will  be  used  to  certify 
machine  accuracy  at  the  beginning  of  each  work  day.  The  smaller 
pins  and  the  check  plate  will  then  become  part  of  the  calibration 
recall  system. 

2)  Develop  control  charts  (range  and  X^bar)  to  track  Individual  machine 
performance  and  to  develop  a  model  to  predict  machine  drift. 

3)  Replace  all  bushings  on  all  three  machines  (mounting  bushings).  Have 
a  ring  gage  supplied  to  the  Excellon  area  to  check  for  pin  wear 
periodically. 

4)  Discontinue  design  and  fabrication  of  true  position  gages  for  PWBs  If 
the  true  position  tolerance  required  1$  greater  than, or  equal  to, 

0.004  or  If  the  combined  true  position  tolerance  and  MMC  Is  greater 
than  0.004. 

5)  Do  not  eliminate  other  tests  such  as  X-ray,  overlay,  etc. 

NOTE!  Data  used  In  this  analysis  are  on  file  at  Fabrication  Product  Assurance 
Engineering  (D/8500) 
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6.17^  7.2  and  7.4.  Add  Para's  5.5,  6.1.4,  &  |  C.  Pignato 


6/18/80 


,.«crAt.r7n 


Purpose: 

1.1  To  dsscrlbe  the  operation  af  the  Automated  Electroless  Copper  Line,  Linn  4 
Placing  Shop. 

Equipment : 

2.1  The  automatic  card  controlled  -system  consists  of  twenty-three  solution 
tenka  plus  a  drying  tank  and  loading  area.  (Also  included  are  heat 
exchangers,  controllers  and  pumps  (T-203521).  Locatod  In  Plating  Shop). 

Applicable  Documents: 

3.1  MP  309  pages  150  to  156  and  page  216. 

Materials: 

4.1  See  MP  309  pages  150  to  156  and  page  216. 

Operational  Procedure,  Preliminary  Start-Up  for  Electroless  Copper  Tanks: 

5.1  After  any  previous  usage  of  the  electroless  copper  tanks  (Stations  24  or  25) 
they  must  be  cleaned  as  follows: 

5.1.1  Flush  tank  with  water. 

5.1.2  Fill  tank  with  itching  solution.  (Sea  Para.  10.1). 

5.1.3  Circulate  etching  solution  through  heat  exchanger  and  Alteration 
systems  until  all  evidence  of  copper  plating  is  removed  from  the 
tank  and  pumping  systems. 

NOTE:  If  etching  solution  does  not  remove  the  copper  plating  from  the 
tank  after  one  (1)  to  two  (2)  hours  of  circulation,  dump  the 
solution  and  repeat  the  cleaning  sequence  from  Para.  5,1.2. 

5.1.4  Drain  tank  and  flush  the  tank  and  heat  exchanger  thoroughly  with 
water. 

5.1.5  Fill  tank  with  52  sulfuric  acid  solution  and  circulate  for  a  minimum 
of  15  minutes.  (See  Para.  10.2) 
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3.1.6  Drain  tank  an«i  flunk  tank,  Rent  cxrlmnnnr  and  Tllccr  system  with 
deionlsod  water. 

3.2  Transfer  the  copper  aolutlon  from  the  holding  tank  Into  th«  claon  tank 
(Station  24  or  23). 

3.3  Claan  holding  bank  par  Paragraph  3.1. 

3.4  Bring  optratlng  tank  to  working  level  (MP  309  page  131)  aa  followi 

3.4.1  Start  circulating  bath  through  haet  exchanger , 

3 .'4 . 2  Ineveaa*  temperature  to  110*F. 

3.4.3  Add  8  gallone  of  deionized  water. 

5.4.4  Add  1/2  gallon  CP  70-A  (to  overflow  aide  of  weir). 

5.4.5  Add  1  gallon  Cr-70-M.  /O 

('■"(iCy  *  - 1  /ittTV 

3.4.6  Add  i/2  gallon  CP  7  0-mi-  n.-X  '  *  \b»h f 

5.4.7  If  solution  ia  atlll  too  low,  repeat  Step*  3.4.3  through  3.4.6. 

5.5  The  operator  should  make  a  color  indicator  check  and  maka  appropriate 
addltionu.  (See  MP  309,  page  151). 

5.3.1  Do  not  maka  addition*  to  eleccrolaas  tank  with  boards  in  tank. 

3.6  Take  a  sample  of  mixed  electroless  copper  solution  to  Process  Control  Lab. 
for  analyaii.  Allow  any  additions  to  circulate  a  minimum  of  five  (3) 
minutes  buforo  taking  sample. 

5.7  Skim  any  surface  contaminants  off  all  solutions/tanks  before  starting 
production. 

5.8  All  water  rinse  tanka  shall  be  dumped  and  cleaned  at  the  etare  of  aach 
production  week  (normally  on  Monday). 

6.0  Start-Up  Procedure: 

6.L  Set  the  Parclow  Temperature  Controllers  on  ch«  following  stations  ag  the 
tumparature  Indicated. 

'6.1.1  Station  Number  3  at  170*F. 

6.1.2  Station  Number  6  at  ISO'F. 

6.1.3  Station  Number  24  or  25  at  12S*F. 

6.1.4  Station  Number  15  at  113*F. 

6.1.3  Station  Number  16  at  120*F. 
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6.2 


6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

6.9 

6.  10 


The  rinse  tank  controllers  on  Stations  3,  13,  19  and  21  must 
be  on.  These  controllers  function  as  on/off  switches,  Cnee 
per  shift  the  operator  must  verify  that  water  is  flowing 
when  the  red  indicator  light  is  on.  STATION  3  MUST  BE  OVZR- 
F LOWING  AT  ALL  TIMES. 

Place  the  "Auto-OSf-Manual "  switch  on  the  master  panel  in  the 
"Manual"  position. 


Depress  "Manual  Start"  push  button  on  master  panel, 
amber  "Manual"  light  will  come  on. 


The 


Place  "Auto-Off-Manual"  switch  on  the  hoi3t  in  the  "Manual" 
position , 


Place  carriers  in  Stations  2,  4,7,  24  or  25, 


(5  optional) 


6.11 

6.12 

6.13 
6  .14 
6.15 


Return  hoist  to  the  neutral  position  (between  stations  4  and 
5  with  carrier  arm  in  the  down  position) .  The  hoist  must  be 
taken  to  station  3,  then  returned  to  neutral  in  order  to 
activate  the  "Home  Limit  Switch." 

Place  "Auto-Off-Manual"  switch  on  the  hoist  in  the  "Off" 
position. 

Place  "Auto-Off-Manual"  switch  on  the  master  panel  in  the 
"Off"  position. 

Load  program  card  in  the  reader  on  hoist  panel  as  follows! 

6.10.1  Depress  square  "Red"  button  on  reader. 

6.10.2  Slide  card  in  from  top  until  it  engages  thumb  wheel. 

6.10.3  Use  thumb  wheel  (to  right  of  glass  window)  to 
position  card. 

6.10.4  Place  "Neutral"  mark  on  card  under  hairline  on  glass 
window. 

6.10.5  Depress  square  "Green"  button  on  reader. 

Depress  "Mechanical  Agitation  Start"  switch  on  master  panel. 
Green  light  will  come  on. 

Place  "24  -  Alternate  -  25"  selector  switch  in  the  approp¬ 
riate  position  for  the  tank  to  be  used. 

Depress  "dryer  Start"  switch.  Green  light  will  come  on. 
Place  "Auto-Off-Manual"  switch  on  hoist  in  "Auto"  position. 
Set  timer  T.1  on  hoist  tc  40  seconds. 
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6.16  Sac  elmar  T2  on  hoiat  to  120  aeconds. 

6.17  Sat  timar  on  master  panul  to  0  (zero)  mlnutoa. 

6. IS  ?laca  "Auto-Of f-Manual"  switch  on  maatar  panel  In  "Auto''  position. 

6-19  Daprass  "Auto  5tart"  button.  A  groan  light  will  Indicate 

automatic  operation  and  another  green  light  will  Indicate  cho 
alactrolaaa  copper  tank  in  u*o.  (24  or  25). 


7.0  Operations 

7.1  Load  the  carrier  in  Station  #1  and  continue  to  load  and  unload  a*  noueaaary 


7.2  The  work  will  progress  through  the  ayetem  in  the  following  aequence. 


STATION 

PROCESS 

APPROXIMATE* 

TIME 

SOLUTION 

(REP.) 

1 

Load 

26  min. 

6 

Cleaner 

5  min. 

MP  309,  P. 

156 

7 

Rinse 

2  min. 

Tap  Water 

8 

Rinse 

40  tec. 

Tap  Water 

10 

Etch 

40  sec. 

MP  309,  p. 

154 

U 

Rinse 

40  sec. 

D.I.  Water 

12 

Rinse 

40  sec. 

D.I.  Water 

14 

Acid  <H2S04) 

2  min. 

MP  309,  p. 

155 

13 

Rinse 

40  aec. 

D.I.  Waeor 

15 

Pre-Dip 

2  min. 

MP  309,  p. 

153 

16 

Catalyst  44 

4  min. 

KP  309,  p. 

152 

17 

Rinse 

2  min. 

D.I.  Water 

18 

Rinse 

40  aec. 

D.I.  Water 

15 

Rinse 

Dip 

D.I.  Water 

20 

Accelerator 

5  min. 

MP  309,  p. 

150 

22 

Rlnao 

Dip 

D.I.  Water 

21 

Rinne 

2  min. 

D.I.  Water 

24  or  25 

Copper 

26  min. 

MP  309,  p. 

151 

26 

Rluaa 

2  min. 

D.I.  Wator 

23 

Rinse 

2  min. 

D.I.  Water 

14 

Acid  (H2S04) 

2  min. 

MP  309,  p. 

155 

13 

Rlnsa 

2  min. 

D.I.  Water 

12 

Rinsa 

\T00t}~~' 

90  sec. 

D.I.  Wator 

4 

Acid 

3  min. 

MP  309,  p. 

216 

3 

Rlnao  (Hot  D.I.)  »/*7 */ 

22  min. 

must  be  over  flowing 

2 

Dryer 

17  min. 

1 

Unload-Load 

26  min. 

*Time  depends  on  hoist  movements. 
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The  operator  shall  replenish  the  copper  bath  (Stations  2  4  or 
25)  according  to  MP  309,  page  151. 

7. A  The  operator  shall  replenish  the  catalyst.-  44  bath  according 
to  MP  309,  page  152. 

•8.0  Shut-Down  Procedural 

8.1  After  the  workload  has  been  removed  from  the  copper  tank,  the 
tank  should  be  treated  as  follows: 

8.1.1  Turn  off  the  steam. 

8.1.2  After  about  five  minutes  turn  on  the  cold  water  to  the 
appropriate  heat  exchange  system  (Station  24  or  25, 
whichever  was  in  use)  to  cool  the  copper  solution. 

8.1.3  Continue  circulation  through  the  cooling  system  for 
about  an  hour. 

8.1.4  Transfer  the  solution  r.o  the  other  copper  tank  using 
only  the  filter  pump  for  transfer.  The  tank  being 
transferred  into  shall  have  been  cleaned  per  Paragraph 


8,1,5  Clean  the  tank  according  to  Paragraph  5.1. 

8.2  After  final  workload  has  returned  to  Station  II,  the  following 
shut-down  procedure  should  be  followed: 

B.2.1  Place  "Auto-Off-Manual"  twitch  on  th*»  master  panel  in 
the  "Off"  position. 

8.2.2  Place  "Auto-Off-Manual"  switch  on  hoist  in  the  "Off" 
position. 

8.2.3  Depress  "Mechanical  Agitation  Stop"  button. 

8.2.4  Depress  "Dryer  Stop"  button. 

8.2.5  Turn  off  the  steam  on  Stations  3  and  6  by  placing  the 
Partlow  Temperature  Controllers  on  each  tank  at  a 
setting  of  50DF. 

8.2.6  Turn  off  main  switch  on  master  panel. 

9,0  Requirements: 

9.1  The  operator  shall  check  one  board  from  every  rack  processed 

for  black  holes.  Black  holes  indicate  lack  of  copper  coverage 
and  must  be  brought  to  the  Foreman's  attention. 
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9.2  Tht  operator  shall  perform  an  adhesion  taa't  on  ona  board  from 
every  rack  procasaad.  Tha  test  shall  ba  dona  by  placing  a 
piaca  of  three  inch  vinyl  backed  platers  tape  (MRO  52-2056) , 
or  equivalent,  across  the  board  and  than  sharply  pulling  tha 
tapa  off.  The  operator  shall  inspect  tha  tape  and  board  for 
any  copper  pullad  off. 


9.3  The  operator  shall  send  ona  "weight  gain"  sample  every  4  hrs. 
to  tha  Process  Control  Lab.  to  verify  that  the  copper  thick¬ 
ness  is  greater  than  50  millionths. 


9.4  Tha  operator  shall  submit  a  sample  of  Ammonium  Persulfate  to. 
tha  Process  Control  Lab.  as  required  par  MP  309  page  154. 

9.5  The  operator  shall  submit  an  electroless  copper  solution 
sample  to  the  Process  Control  Lab.  as  required  per  MP  309 
page  151. 


10.0  Chemical  Solutions  Needed  for  Cleaning  Copper  Tanks  (Station  24 
or  25) t 


10.1  Use  the  atching  solution  that  is  to  be  discarded  from  Station 
#10  (MP  309,  page  154)  whenever  possible  to  clean  the  electro¬ 
less  copper  tanka.  (See  Paragraph  5.1.2).  If  this  solution 
is  not  available,  make  up  an  etching  solution  as  follows* 

10.1.1  Fill  tank  to  be  cleaned  3/4  full  with  water. 

10.1.2  Add  45  lbs.  of  Ammonium  Persulfate  (MRO  5-0445). 

10.1.3  Fill  with  water  to  within  4  inches  of  top  of  tank. 

10.1.4  Circulate  solution  through  heat  exchanger  and  filtra¬ 
tion  systems.  If  the  etching  solution  does  not  remove 
the  copper  plating  from  the  tank  after  on#  (1)  to  two 
(2)  hours,  dump  ths  solution  and  repeat  the  cleaning 
sequence  from  Paragraph  10.1.1. 

10.2  Sulfuric  acid  cleaning  solution. 

10.2.1  Fill  tank  3/4  full  of  water. 


10.2.2  Carefully  add  5  gallons  of  Sulfuric  Acid  (MRO  5-0210). 

10.2.3  Fill  with.wstar  to  within  4  incites  of  top  of  tank. 

10.2.4  Circulate  solution  through  heat  exchanger  and  filtra¬ 
tion  systems  for  a  minimum  of  fifteen  (15)  minutes. 

NOTE i  Protective  clothing  must  be  worn  to  protect  skin  and 
eye*  when  making  up  solutions. 
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6.153.1  Solutions  Cleaner  -  Conditioner 


6.153.1.1  Location:  Plating  Shop  Line  4,  Automated  Electroless 

Copper  Line  T-203521,  Station  *6  <  Col. 

6.153.1.2  Tank  Capacity:  60  Gallons 


6.153.1.3  Makeup:  *9076  PTH  Cleaner 

(MRO  52-1835) 

Water ,  Tap 

Operating  Temperature 


2.0  Gal. 

Balance 
150"F  +  10°F 


Working  Level  -  Two  to  eight  inches  from  top  of  tank 

Fill  tank  3/4  full  with  water.  Add  conditioner  ar.u 
bring  solution  up  to  operating  level  with  water. 

6.153.1.4  Analysis  Frequency:  None 

6.153.1.5  Process  Control  Limit:  None 

6.153.1.6  Specification  Limit:  None 

6.153.1.7  Renewal  Frequency: 

Renew  solution  every  week. 


The  solution  may  be  renewed  at  any  time  shorter  than] 
the  normal  renewal  frequency  when  requested  by 
Process  Engineering.  j 


•Product  of  MacDermid  Co. 
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Solution! 

6.151.1.1 


Ammonium  Persulfate  -  Etch 
Location  s 


Plating  Shop1 Line  4,  Automated  Electroless 
Copper  Line  T-203521,  Station  *10,  Col. 
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6.151.1.2  Tank  Capacity! 

6.151.1.3  Makeup 


60  Gallons 


Ammonium  Persulfate 
(MRO  5-0445) 
Sulfuric  Acid  -  96% 
(MRO  5-0210) 

Water,  Deionized 
Operating  Temperature 


45  lbs. 

9  lbs. 
Balance 

Room  Temperature 


Working  Level  -  From  top  of  overflow  weir  to  two 
inches  below  top  of  weir. 

Fill  tank"  1/2  full  with  deionized  water.  Add  the 
ammonium  persulfate  while  continuously  stirring 
the  solution.  Carefully  add  the  acid.  Fill  with 
deionized  water  to  operating  level.  Stir  the 
solution  until  all  of  the  ammonium  persulfate  is 
dissolved. 


6.151.1.4  Analysis  Frequency: 

6.151.1.5  Process  Control  Limit: 


Immediately  after  c.ich 
renewal  per  Para. 6. 151 . 1 .7 . 


Ammonium  Persulfate 
Sulfuric  Acid 


6.151.1.6  Specification  Limit: 


Ammonium  Persulfate 
Sulfuric  Acid 


11-12  oz./gal 
14-16  g/l 


10-13  oz/goJ . 
13-17  y/1 


6.151.1.7  Renewal  Frequoncy: 


Renew  the  solution  after  twenty-four  (24)  work 
orders  or  eight  (8)  hours  of  use,  whichever  comes 
first.  The  operator  will  maintain  a  log  of  make-up 
and  parts  processed  and  have  a  laboratory  check 
before  using  the  solution. 

The 'solution  may  be  renewed  at  any  time  shorter  than/ 
the  normal  renewal  frequency  when  requested  by 

Prngftss  Engl.nowrinc. _ ~  _ 
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6.151.1.1  Locations  Plating  Shop  Line  4,  Automated  Electroless! 

Copper  Line  T-203521,  Station  #10,  Col.  ! 
B-14  1 

6.151.1.2  Tank  Capacity:  60  Gallons  ) 

6.151.1.3  Makeup:  Ammonium  Persulfate 

.  (MRO  5-0445)  4<lbs. 

Sulfuric  Acid  -  96% 

(MRO  5-0210) 

Water,  Deionized 
Operating  Temperature 


.9'  lbs. 
Balanco 

Room  Temperature 


rking  Level  -  From  top  of  overflow  weir  to  two 
inches  below  top  of  weir. 

FJJJLw±ank  1/2  full  with  deionized  water.  Add  the 
eiwSenaVse  persulfate  while  continuously  stirring 
the  solution.  Carefully  add  the  acid.  Fill  with 
deionized  water  to  operating  level.  Stir  the 
solution  until  all  of  the  ammonium  persulfate  is 
dissolved. 


6.151.1.4  Analysis  Frequency: 


Immediately  after  each 
renewal  per  Fare.  6. 151 . 1 .7 . 


6.151.1.5  Process  Control  Limi.t: 

AmmenAem  Persulfate 
Sulfuric  Acid 

6.151.1.6  Specification  Limit; 

ifm 

"Awwsnium  Persulfate 

Sulfuric  Acid 

6.151.1.7  Renewal  Frequency: 


tS-l 7  ! 

ll-t*2  oz./gal.  j 
14-16 r-9/ir 
6-  %ox 

11-10  1 

M-H  oz/gal .  ! 

nr^i^-g/4- 


l 


Renew  the  solution  after  twenty-four  (24)  work  , 

orders  or  eight  (8)  hours  of  use,  whichever  comes 
first.  The  operator  will  maintain  a  log  of  make-up  . 
and  parts  processed  and  have  a  laboratory  check 
before  using  the  solution. 

The  solution  may  bo  renewed  at  any  time  shorter  than 
tho  normal  renewal  frequency  when  r-qucutcl  by 
_ _ _ Pxoccsu  Engineering, 
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6.152.1  Solutions 

6.152.1.1 

6.152.1.2 

6.152.1.3 


6.152.1.4 

6.152.1.5 

6.152.1.6 


Acid,  Sulfuric;  Deoxidizer 

Location;  Plating  Shop  Line  4,  Automated  . 

Electroless  Copper  Line  T-203521, 
Station  #14  (Col.  B-14) . 

Tank  Capacity:  60  Gallons 

Makeup:  Sulfuric  Acid  -  96% 

(MRO  5-0210  or  5-0220)  6  Gal. 

Water,'  Deionized  Balance 

Operating  Temperature  Room  Temperature 

Working  Level  .  Top  of  overflow  weir  to  2"  below 
top  of  overflow  weir. 

Fill  tank  1/2  full  with  deionized  water.  Care¬ 
fully  and  slowly  add  6  gallons  of  sulfuric  acid 
with  continuous  stirring.  Then  fill  with 
deionized  water  to  operating  level.  Stir 
thoroughly. 

NOTE:  Protective  clothing  must  be  worn  to 
protect  skin  and  eyes  when  making  up 
solution. 

■Analysis  Frequency:  After  make-up  and  after 

one  week  of  use. 

Process  Control  Limit:  150  g/1  -  200  g/1 

sulfuric  acid 


Specification  Limit: 


100  g/1  -  230  g/1  sulfuric 
acid 


6.152.1.7  Renewal  Frequency: 

Renew  the. solution  every  two  weeks 

The  solution  may  be  renewed  at  any  time  shorter 
than  the  normal  renewal  frequency  when  requested 
by  Process  Engineering.  '■  ■'j.‘ 
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6.150.1 


Solution!  Pre-Cleanar 

6.150.1.1  Locations  Plating  Shop  Lint*  4,  Automated 

Electroless  Copper  Line,  T-203521, 
Station  115,  Col.  B-14 

6.150.1.2  Tank  Capacity!  60  Gallons 

6.150.1.3  Makoupt  Cataprep  404 

(MRO  5-1737)  135  lbs. 

Water-DcLonizad  Balance 

Operating  Temperature  115°" 

Working  Level  -From  top  of  overflow  v,*olr  to  two 
•  inchos  below  top  of  overflow  we:r 

Fill  tank  1/2  full  with  deionized  water.  Care¬ 
fully  and  slowly  add  the  Cataprep  404  with  con¬ 
tinuous  stirring.  Fill  to  operating  level  with 
deionized  water.  Stir  thoroughly. 

NOTE!  Protective  clothing  must  be  worn  to  proto 
skin  and  eyes  when  making  up  solution. 

6.150.1.4  Analysis  Frequency!  Every  48  hourr  of  usare. 

6.150.1.5  Process  Control  Limit!  1.152-1.167  so.  gr. 

6.150.1.6  Specification  Limit:  1.136-1. 167  sp.  gr. 

6.150.1.7  Renewal 

The  bath  will  be  renewed  by  retiuoi  t  o''  Pro  cos:. 
Engineer  i  nq  only . 
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6.149.1  Solutions  Catalyst  ■ 

6.149.1.1  Locations  Plating  Shop  Lino  4,  Automated  Elactro- 

*  latB  Coppar  Lina  T-2Q3521,  Station  #16, 

Col.  B-14. 

6.149.1.2  Tank  Capacity!  60  Gallons 

6.149.1.3  Makeups  Cataprap  404 

(M?0  5-1737!  135  lbs. 

Catapoait  44 

(MRO  5-1738)  2  gal. 

Water  Balances 

Operating  Tamparatura  120T' 

Working  Level  -  From  top  of  overflow 
to  two  inches  below 
top  of  weir. 

Fill  tank  1/2  full  with  deionized  water.  Care¬ 
fully  add  cataprap  404  and  atir.  Add  Catapoait  44 
while  stirring  the  solution.  Add  deionizad  watar 
to  obtain  operating  level. 

NOTEs  Protective  clothing  muat  be  worn  to  protact 
skin  and  ayes  when  making  up  solution. 

6.149.1.4  Analysis  Frequency!  Weekly 

6.149.1.5  Process  Control  Limitss  5.5-6. 5  g/1  CnCl^ 

6.149.1.6  Specification  Limitss  5. 0-7.0  g/1  SnCl2 

6.149.1.7  Replenishment: 

The  operator  shall  replanish  the  bath  at  the 
beginning  of  each  week  worked. 
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6.148.1  Solution!  Electroless  Copper 


6.148.1.1  Location;  Plating  Shop  Line'  4,  Automated  Electroless 

Copper  Line  T-2Q3521,  Stations  #24  and  #25 
(Col.  A-15 ) . 

6.148.1.2  Working  Capacity;  90  Gallons 

6.148.1.3  Makeup;  CP  70  -  A  *  MRO  5-1747  4,5  Gal. 

CP  70  -  M  *  MRO  5-1748  9.0  Gal, 

CP  70  -  Z  *  MRO  5-1750  4,5  Gal. 

Water ,  Deionized  Balance 

Operating  Temperature  120BF  +  10BF 

Working  Level;  The  solution  must  be  cascading  over 
the  weir  and  maintained  from  six  to  twenty-  inches 
above  the  bottom  on  the  overflow  side. 

Pill  the  working  side  (large  side)  of  the  tank  to 
within  6  inches  from  top  of  weir  with  deionized 
water.  Start  the  water  circulating  through  the  heat 
exchanger  and  bring  the  temperature  up  to  110 *F. 

Add  CP-70-A  and  allow  to  circulate  for  5  minutes. 

Add  CP-70-M  and  allow  to  circulate  for  5  minutes. 

Add  deionized  water  until  the  solution  cascades  over 
the  weir  and  is  at  a  level  4  Inches  above  the  bottom 
on  the  overflow  side.  Add  CP-7Q-Z  and  sufficient 
water  to  bring  the  solution  level  approximately  half 
way  up  on  the  overflow  side  of  the  tank.  (The 
solution  should  be  cascading  at  this  time) . 

6.148.1.4  Analysis  frequency;  The  solution  must  be  checked 
at  the  beginning  of  each  shift  worked  and  every 
four  hours  during  operation. 

6.148.1.5  Process  Control  Limits: 

1.  Copper  1.7  to  2.2  grams  per  liter 

If  tho  copper  content  is  above  the  Process 
Control  Limit  it  will  plate  down  during  operation 

•Product  of  Shipley  Co. 
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<.149.1.5  (cont'd) 

2.  Hydroxide  8  to  11  grama/liter 

If  tha  hydroxide  la  above  tha  Proceas  Control 
Limits  tha  Process  Control  Lab.  shall  raguast 
tha  dalation  of  tha  appropriate  numbar  of 
normal  additions  of  Cuposit  Z  (Rsf.  6.148.1.7). 

3.  Formaldahyda  6.5  to  8.1  grama/litar 

If  tha  formaldahyda  is  abova  tha  Process 
Control  Limits  tha  Prooasa  Control  Lab.  shall 
raguast  tha  dalation  of  tha  appropriata  numbar 
of  normal  additions  of  CP-70-R  (Raf.  6. 148.1.7)-. 

6.148.1.6  Spaoifieatisn  Limits t 

1.  Coppar  1.1  to  3.2  grams/litar 

2.  Hydroxide  6  to  17  grams/litar 

3.  Formaldahyda  4.3  to  14.0  grams/litar 

6.14B.1.7  Replenishment! 

Normal  raplaniahmant  to  the  bath' will  bo  made  by 
tha  operator  as  required  to  maintain  tha  bath 
within  80%  to  100%  coppar  content,  according  to 
the  following  procedure. 

1.  Place  55  ml.  of  copper  mix  color  indicator 
(MRO  4  5-1751)  in  a  sample  bottle. 

2.  Pipatta  10  ml.  of  coppar  bath  into  tha  aampla 
bottle. 

3.  Shako  wall. 

4.  Determine  ooppar  concentrate  by  comparison  to 
color  standard. 

5.  Replenish  ths  bath  according  to  tha  following 
table  and  in  the  sequence  shown.  Tha  bath 
shall  be  held  within  working  limits  of  80%  to 


100%. 

Replenishments 

for  90  Sal. 

Bath 

%  Copper 

C?  70  M 

CP  70  R  * 

CO  70  A 

Cuposit  Z 

100 

Nona 

Nona 

Nona 

Nona 

90 

360  ml 

900  ml  , 

1800  ml 

900  ml 

80 

720  ml 

1800  ml 

3600  ml 

1800  ml 

70 

1080  ml 

2700  ml 

5400  ml 

2700  ml 

6.  The  operator  shall  maintain  a  log  of  all  addi¬ 
tions  made.  Never  make  an  addition  which  will 
increase  the  relative  copper  concentration  more 
than  20%. 


*  CP-70  R 


MRO  #  5-1749 
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6.152.1.1  Location!  Plating  Shop  Line  4,  Automated 

Elactrolass  Copper  Line  T-203521, 
Station  14  (Col.  B-14) 

6.152.1.2  Tank  Capacity!  60  Gallons 

6.152.1.3  Makoupt  Sulfuric  Acid  -  96% 

n&C/te/d  7ft  S*  y} MRQ  5-0210  or  5-0220)  1  Bottle  (91ba) 

CMtifi  S*OOf3>)  'Water,  Deionized  Balance 

'  Operating  Temperature  Room  Tomparatur# 


Work  Level!  Top  of  overflow  weir  to  2"  below 
top  of  overflow  weir. 

Pill  tank  1/2  full  with  deionized  water.  Care¬ 
fully  and  slowly,  add  one  bottles  of  sulfuric 
acid  with  continuous  stirring.  Then  fill  with 
deionized  water  to  operating  level.  Stir  thoroughly. 

NOTEi  Protective  clothing  must  be  worn  to 
protect  skin  and  eyes  when  making  up 
solution. 

6.152.1.4  Analysis  Frsqusncyi  Hone 

6.152.1.5  Procoss  Control  Limit!  None 

6.152.1.6  Specification  Limit!  None 

6.152.1.7  Renewal  Frequency:  Renew  the  solution  Aeily 

( ^  The  solution  may  be  renewed 

sfrrn  at  any  time  shorter  than  the 

v'*'/  normal  renewal  frequency  when 

requested  by  Process  Engineer 
ing. 
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1.1  Tto  describe  the  operation  of  the  automatic  copper/soldcr  platinq  line 
T-203514  located  in  Building  301.  north  line  of  the  Etched  circuitry 
Department. 

2 . 0  Applicable  Documents  t 

2.1  MP  309  Process  Soltuions,  Makeup  and  control  (panes  157  through  161,  218 
and  219) . 


3.0  Equipment  and  Solutions) 

3.1  The  automatic  copper/ solder  plating  lino  consists  of  the  following  in-line 

equipment i 

3.1.1  Station  1  -  Load  and  unload  stands. 

3.1.2  Station  2  -  Drier 

3.1.3  Station  3  -  Hot  deionized  water  rinse  with  air  agitation,  MP  309, 
page  95,  (Temperature  150°F  +  lo°F) . 

3.1.4  Stations  4  and  5  -  Soldar  plate  tank  with  filter  system,  auxiliary 
carbon  treatment  chamber  and  rectifier,  MP  '309,  pane  160. 

3.1.5  Station  6  -  20*  fluotoric  acid  pickle  tank,  MP  309,  pane  210. 

3.1.6  Station  7  -  Deionized  water  rinse  lank  with  ,ilr  agitation,  Ml1  309, 

page,  95. 

3.1.7  station  8  -  10X  fluoberic  acid  pickle  tank,  MP  309,  pane  158. 

3.1.8  Station  9  -  Alkaline  cleaner  tank,  MP  309,  page  157,  (Temperature 

135°F  +  10®F) . 

3.1.9  Station  10  -  Overflowing  water  rinse  tank  with  air  agitation  nr.d 
spray  rinse. 

3.1.10  Station  11  -  Transfer  water  rinse  tank. 

3.1.11  Station  12  -  Copper  etch  clean  tank,  MP  309.  pogu  161. 

3.1.12  Station  13  -  Water  rinse  tank  with  air  agitation  and  spr-.y  rinse. 
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3.1.13  Station  14  -  Sulfuric  acid  deoxidizer  tank,  Mi»  300,  page  150. 

3.1.14  Station  15  -  Deionized  water  rinso  tank  with  air  agitation  and 
spray  rinse,  HP  309,  page  95. 

3.1.15  Station  16,  17,  IS,  19,  21,  22,  23  and  24  -  Four  copper  plating 
tanks  with  mechanical  and  air  agitation,  eight  rectifiers,  four 
filter  pumps,  auxiliary  carfccn  treatment  chambers,  MP  309,  page 
218.  (Temperature  7?°F  +  5°F) . 

3.1.16  Station  20  -  Deionized  water  rinse  tank  with  air  agitation  and 
spray  rinse,  MP  309,  page  95. 

3.1.17  Other  equipment  consists  of  two  automatic  card  programmed  hoists 
with  central  control  panel. 

4.0  Start-up  Procedure i 

4.1  All  electrical  contact  areas  must  be  cleaned  using  Scotch  Oright  abrasive 
peds  or  equivalent. 

4.1.1  The  anode  bers  must  be  clean  and  free  of  dried  salts.  Anodes  are 
to  be  slightly  pushed  back  and  forth  across  anode  bars  two  times. 

4.1.2  The  saddles  on  Stations  4,  5,  16,  17,  18,  19,  21,  22,  23,  and  24 
must  be  cleaned  at  the  initial  start-up  of  the  equipment  and  once 
every  24  hours  during  continuous  operation.  Both  the  bottom  and 
sides  of  the  saddles  must  be  clean  and  free  frem  dried  salts. 

4.1.3  The  carriers  must  be  cleaned  in  four  areas: 

4. 1.3.1  The  two  contact  knives  which  fit  the  saddles  must  be 
cleaned  at  the  initial  start-up  of  the  equipment  and 
once  every  24  hours  during  continuous  operation.  Both 
the  bottom  and  sides  of  those  bars  must  be  clean  and 
free  frem  dried  salts, 

4.1.3. 2  The  areas  where  the  racks  make  contact  to  the  carrier 
must  be  cleaned  prior  to  each  rack  being  loaded  onto 
the  carrier. 

4.1.4  Each  rack  must  be  cleaned  in  two  areas  prior  to  each  usage. 

4.1. 4.1  The  contact  points  where  the  rack  mates  with  the  carrier 
must  bo  cleaned  prior  to  attaching  to  the  carrier. 

4. 1.4. 2  The  copper  and  solder  nodules  must  bo  removed  from  the 
screw  clamps  which  hold  the  boards  to  the  racks  prior 

,  to  each  loading  o 1  boards. 

4.1.5  Demy  copper  baths  for  a  normal  54  minute  automatic  plating  cycle 
prior  to  processing  parts  after  a  minimum  48  hour  shutdown. 

(See  paragraph  7.3). 
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4.11  Sat  ttmar  on  Master  Control  Panel  and  Tj.  and  T2  timers  on  carriers  to  program 
requir  Brents.  (Sea  Paragraph  5.3). 

4.12  Position  program  indicator  on  Carrier  No.  1  to  Pi.  P2,  or  P2  for  program 
being  used.  Use  PI  indication  for  any  program  number  above  3.  Indicator 
lights  on  top  of  control  panel  will  Indicate  which  program  is  being  used. 

4.13  Whan  carriers  are  in  position  and  ready  to  start,  stop  the  machine  by 
depressing  "Stop"  button  on  master  panel. 

4.14  Turn  kay  "Off"  on  Master  Control  panel. 

4.15  Turn  Auto-Off -Manual  switch  on  Carriers  No.  1  and  No.  2  to  "Auto"  position. 

4.16  Turn  key  on  Master  Control  Panel  to  "Auto"  position. 

4.17  Depress  "Roset"  button  on  Master  Control  Panel. 

4.18  Depress  "Auto"  start  push  button  on  taster  Control  Panel.  Green  "Auto"  light 
will,  come  on  master  panel.  Machine  is  now  in  automatic  operation. 

4.19  Depress  "Drier"  button  on  taster  Control  Panol  to  start  drier. 

4.20  Start  rectifiers  as  follows) 

4.20.1  Depress  start  push  button  for  cooling  on  rectifier  control  panel. 

Ooling  must  bo  on  before  rectifiers  con  be  started. 

4.20.2  Set  rectifier  controls  as  follows: 

,  4.20.2.1  Set  Automatic  Voltage  Control  knob  and  Constant  Current 

_ Control  knob  to  midway  settings  (12  o'clock  position) . 

4.20.2.2  As  parts  enter  plating  bath,  adjust  Automatic 
Voltage  Control  knob  so  that  current  rending 
as  shewn  on  the  A.C.  .Input  melon  la  m.  net: ting 
called  out  in  plating  amperage  Jog.  The  Constant. 

Current  Control  knob  mny  require  smll  adjustment 
to  attain  and  rraintain  the  desired  nmpcranc 
sotting. 

4.20.2.3  After  rectifier  has  been  set,  plater  will  verify 
equal  distribution  of  current  on  racks  by  use  of 
a  millivolt  meter.  Place  one  meter  load  on 
cathode  bus  and  then  place  other  lend  to  flight 
bars  then  to  left  rack  then  to  right  rock. 

Voltage  drop  shall  not  exceed  20mV.  If  greater 
than  20mV  drop,  adjust  flight  bar  on  saddle  and 
tighten  rack  wing  nuts  to  lower  readings. 
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5.0  Operation! 

5.1  Load  the  carrier  in  Station  1  and  continuo  to  load  and  unload  as  necessary. 

5.2  Each  time  a  carrier  is  loaded  the  two  "black"  water  push  buttons  on  the 
Master  Control  Panel  must  be  depressed.  These  flush  rinse  tanks  10,  13, 

_______  and  20^ _ 


5.3  The  work  will  progress  through  the  plating  lino  in  the  following  sequence’ 

5.3.1  Program  #1  Copper/Solder  Plate: 

5. 3.1.1  Set  master  clock  on  Master  Control  Panel  at  6.5  minutes 
or  as  specified  on  planning. 

5. 3. 1.2  Flight  bars  will  bo  located  at  Station  1,  2,  4,  5,  7,  10, 
12,  16-19,  21-24  and  Currier  M2. 

5. 3.1. 3  Neutral  position  for  Carrier  H2  is  defined  as  between 
Stations  11  and  12  with  arm  in  the  up  position. 

5. 3. 1.4  Set  the  Timers  on  the  Carriers  as  follows: 


Carrior  HI 
Carrier  ill 
Carrier  M2 
carrier  M2 


Timor  hi  35  second: : 
Timer  M2  0  seconds 
Timer  Ml  45  seconds 
Timor  112  30  seconds 


5. 3.1. 5  Verify  cams  inside  Master  Control  Console  are  set  per 
Figure  Ml. 

5. 3. 1.6  Use  program  cards  labeled  SC-48  using  appropriate  card  for 
each  hoist. 


5. 3. 1.7  Mechanical  agitation  must  be  "On". 

5. 3.1. 8  Program  Sequence : 


STEP 

M 

SflWiTIfiP 

AUTOMATIC  TIME 

(Depending  on  carrior  speeds  and 
Master  Clock  setting) . 

1 

1 

Lead 

30  seconds 

2 

9 

Alkaline  Cleon 

2  minutes,  4  seconds 

3 

10 

Hot  Rinse  (transfer  point) 

4  minutes,  15  seconds 

4 

12 

E*ch 

33  seconds,  (Timor  m] ,  Carrier  M2) 

5 

13 

Rinse 

2  minutes,  57  seconds  (Tixer  Ml, 
Carrier  M2) 

6 

14 

Acid,  Sulfuric 

2  minutes,  56  seconds 

7 

15 

Rinse 

1  minute,  20  seconds  (Timer  «1, 
Carrier  M2) 
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5. 3.1. 8  Program  Soqucncoi  (Continued) 
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STEP 

STATION 

opgwncn 

APPROXIMATE  TOC 

8 

16, 

.17,  18 

.  Copper  Plate 

53  minutoe 

19, 

21,  22, 

23, 

24 

. 

9 

20 

Rinse 

1  minute,  34  seconds 

10 

12 

Etch 

30  seconds  (Timer  *1,  Carrier  M2) 

11 

13 

Rinse 

45  soconds  (Timor  Ml,  carrier  m2) 

12 

11 

Transfer  Rinse 

13 

8 

Fluoboric  Acid 

2  minutoe,  15  seconds 

14 

7 

Rinse 

2  minutes,  19  seconds 

15 

6 

Acid,  Fluoboric 

33  seconds 

16 

4 

or  5 

Solder  Plate 

13  minutes 

17 

7 

Rinse 

2  minutoe 

18 

3 

Rinse 

30  seconds  [Timer  M2.  Carrier  Ml) 

19 

2 

Drier 

2'i  minutos 

20 

1 

Unload 

5.3.2  Program  2,  Copper  Plata 


5.3. 2.1  Set  maatar  clock  on  Mastar  Control  Panel  at  8  minutes 
or  aa  specified  in  planning. 

5.3. 2.2  Flight  bars  will  be  located  at  Stations  1.  2,  4,  5,  10. 
16.  17,  18,  19,  21,  22,  23,  24,  and  on  Carrier  #2. 

5.3. 2.3  Neutral  position  for  Carrier  M2  is  defined  as  between 
Stations  11  and  12  with  arm  in  the  up  position. 

5. 3. 2.4  Set  timers  on  carriers  as  fellows: 


Carrier  Ml  Timer  Ml  10  soconds 

Carrier  Ml  Timor  M2  30  soconds 

Carrier  M2  Timor  Ml  30  soconds 

Carrier  M2  Timor  M2  60  seconds 

5. 3. 2. 5  Verify  cams  inside  Master  Control  Console  are  set  per 
Figure  1. 

5.3. 2.6  Use  program  cards  as  follows: 

Program  M2  Cbppcr  Plato 
Carrier  Ml  Card  M5 

Carrier  M2  Card  M6 

5. 3. 2. 7  Mechanical  agitation  must  be  "On". 
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5. 3. 2. 8  Program  Sequence! 


STS>  STATION 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


1 

9 

10 

12 

13 

14 

15 

(16,17)  (18,19) 
(21,22) (23,24) 

20 

11 

8 

7 

3 

2 

1 


SEgansa 


Load 

Aik.  Clean 

Rinae  (Transfer  Point) 

Etch 

Rinae 

Acid,  sulfuric 
Rinse 


TIMM  APPROXIMATE 

(Depending  on  carrier  speeds  and 
master  clock  setting) 

6^  minutes 
1  minute 
5  minutes 

30  aoc.  (Timer  Ml,  Car.  M 
60  sec.  (Timer  *1,  Car.  M 
60  sec. 

30  sac.  (Timer  Ml,  Car.  M2) 


Copper  Plate 
Rinae 

Rinae,  Transfer  Point 

Acid,  Sulfuric 

Rinae 

Rinae 

Drier 

Unload 


65  minutes 
60  see. 

1  minute 
Double  Dip 

30  sec.  (Timer  M2,  car.  Ml) 
61}  minutes 


5.3.3  Program  3  Solder  Plate 

5. 3. 3.1  Set  master  clock  on  Master  Control  Panel  at  7  min.  or  as 
specified  in  planning. 

5. 3. 3. 2  Flight  bare  will  be  loented  at  Stations  1,  2,  4,  5,  10,  13, 
16.  17,  18,  19,  21,  22,  23,  24. 

5. 3. 3. 3  Neutral  position  for  Carrier  M2  is  defined  as  between 
Stations  11  and  12  with  arm  in  the  down  position. 

5. 3. 3. 4  Set  timers  on  carriers  as  follows: 


Carrier  Ml 

Timer  Ml 

10  see. 

Carrier  Ml 

Timer  M2 

30  see. 

Carrier  M2 

Timor  Ml 

10  see. 

Carrier  M2 

Timer  *2 

30  see. 

5. 3. 3. 5  Verify  cams  inside  Master  Control  Console  are  set  per 
Figurs  Ml. 

5. 3. 3. 6  Use  the  following  program  cards: 

Carrier  Ml  Card  Ml 

Carrier  M2  Card  M3 
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Sa  3i3a 6 

(Continued) 

■ 

(Depending  on  carrier  ^speeds  and 
master  clock  sotting)' 

1 

•  1 

Load 

6!;  minutes 

2 

9 

Aik.  Claen 

2  minutes 

3 

10 

Rinat  Transfer  Point 

4 

12 

Etch 

30  see.  (Timer  42,  Car. 

42) 

5 

13 

Rinse 

60  sec. 

6 

11 

Rinsa  Transfer. Point 

7 

8 

Acid,  Fluoboric 

2  minutes 

8 

7- 

Rinse 

Double  Dip 

9 

6 

Add,  Fluoboric 

60  sac. 

10 

4  or  5 

Solder  Plata 

13  minutes 

11 

7 

Rinse 

30  see.  (Timer  42,  Car. 

41) 

12 

3 

Rinse 

30  see.  (Timer  42,  Cor. 

41) 

13 

2 

Drier 

6's  minutes 

14 

1 

Unload 

5.3.4  Program  4  Copper  Fluh 

5. 3. 4.1  Sat  master  clock  on  Master  Control  Panel  at  4  min.  or  as 
specified  In  planning. 

5. 3. 4. 2  Flight  bars  will  be  located  at  Stations  1,  2,  4,  5,  10,  16, 

17,  18,  19,  21,  22,  23,  24,  and  on  Carrier  #2. 

5. 3. 4. 3  Neutral  position  for  Carrier  42  Is  defined  as  between  Stations 
11  and  12  with  the  arm  in  the  up  position. 

5.3.4.4  Set  timers  on  carriers  as  follows i 

Carrier  *1  Timor  41  10  sec. 

Carrier  41  Timer  42  10  sec. 

Carrier  42  Timor  41  10  see. 

Carrier  42  Timer  42  13  sec, 

3.3. 4.5  Verify  cams  inside  Maator  Console  arc  sol  per  Figure  2. 

5. 3. 4. 6  Uso  program  cards  os  follows! 

Carrier  41  Card  47 

Carrier  42  Card  48  or  Card  49  (Tanks  16,17;  18,19)  -  40 

(Tanks  21,22;  23,24)  -  49 

3. 3. 4. 7  Mechanical  agitation  must  be  "On". 
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5. 3. 4. 8  Program  Sequence 


SEE  STATION 


1 

2 

3 

4 

5 

6 
7 

a 

9 

10 

11 

12 

13 

14 


1 

9 

10 

12 

14 

15 

(16,17;  18,19) 
(21,22;  23,24) 
20 
14 
13 
11 
3 
2 
1 


(Depending  on  carrier  speed  and 
master  clock  setting) 


Load 

Aik.  Clean 

Hot  Rinse  (Transfer  Point) 
Etch 

Acid,  Sulfuric 
Rinse 

Copper  Flash 
Rinse 

Acid,  Sulfuric 
Rinse 

Rinse  (Transfer  Point.) 

Hot  Rinse 

Drier 

Unload 


4  minutes 

1  minute 

2  minutes 

10  sec.  (Timer  si,  Car  «!' 
1  minute 
1  minute 

14  minutes 

10  sec.  (Timer  si,  Car. *2) 

1  minute 

15  see. (Timor  s2,Car.s2) 

2  mlnuton 

1  iiunuto 

2  minutes 


5.4  Emergency  Stopi 

Both  carriers  have  an  "OFF"  position  on  control  panel.  The  Master  Control 
Panel  has  e  red  stop  push  button.  Also,  a  pull  lino  cord  emergency  stop 
runs  along  entire  length  of  machine.  Pulling  on  this  line  stops  both 
carriers  lirmediately. 


6.0  Requirements i 

6.1  Solutions  shall  be  maintained  as  specified  on  MP  309,  pages  157  thru  161, 

218  and  219. 

6.2  The  copper  plate  thickness  in  the  holes  will  bo  0.001  inch  minimum  unless 
otherwise  specified  in  the  planning. 

6.3  Solder  plate  shall  be  0.0003"  minimum  unless  oUtorwIno  npooifjoi  in  the 
planning.  A  sample  will  be  submitted  to  tho  Proccsa  Control  Lab.  for 
verification  after  the  solder  plate  operation. 

6.4  Thictaiess  checks  shall  be  performed  at  least  once  per  8  hour  shift  unless 
otherwise  specified. 

6.5  Each  time  that  copper  flash  is  performed  on  any  multilayer  boards  ona  test 
pattern  for  every  8  hrs.  of  operation  (containing  20  holes  in  a  4  hole  x  5 
hole  pattern)  shall  to  sent  to  the  Process  Control  Lab.  for  cror.s  sectioning 
and  microscopic  examination  of  the  hole  wol) .  There  shall  be  no  crack?  in 
the  hole  well  nor  evidence  of  irregular  grain  growth  such  as  treeing. 

6.6  Plating  shall  be  snooth,  fine  grained,  adherent,  freo  from  blistoru,  pits, 
scale,  nodules  and  other  defects  which  are  detrimental  to  the  utility, 
form,  fit  or  function  of  the  part. 
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6.7  Whan  multilayer  board*  art  being  processed.  ono  sample  from  each  order  rant 
ta»  sent  to  ti*  Proeasa  Control  Lab.  to  bo  croaa  sectioned  to  moat 
requirements  of  aptcifitd  reference  on  planning. 

6.8  during  operation  the  plater  meat  fill  out  tho  plating  log  book  noting  the 
type  of  board*  being  run  and  the  amperage  reading  for  copper  and  solder 
plate. 

6.9  Process  Wintering  will  maintain  a  log  at  the  Plating  station  with  plating 
amperage*  listed. 

7.0  ■eV*A.  Pown  Procedure 

?.'  ;.t  the  end  of  any  run,  shut  down  machine  by  depressing  "AUTO  STOP"  push 
Button  on  Master  Control  Panel.  Machine  can  be  shut  down  at  any  point  in 
the  automatic  cycle,  but  the  "LOAD"  position  is  preferred. 

7.2  Turn  heat  off  on  Stations  3,  9,  and  10  by  setting  Partlow  Controllers  to 

S0°F.  Leave  heat  on  copper  tonka  at  all  times  oxermt  if  tanks  arc  down 
for  48  hr*,  or  1-nger,  in  which  coso  they  should  bo  turned  off.  ,  _ 

7.3  Turn  off  air  agitation  in  each  copper  plating  tnnk  as  soon  n«  plating 
is  completed  for  the  day.  Do  not  turn  air  back  on  until  production 
parts  are  going  to  ba  platad  at  the  beginning  of  tin  day. 

7.4  Tha  copper  tanki  must  bo  dumry  platad  if ’tho  lino  his  boon  down  for 
48  hours  or  ners.  lb  do  this  load  4  durmy  parols  (approximately 

7"  x  21.5"  each)  per  flight  bar  for  8  succeseive  loads  to  provide: 
an  automatic  54  minutes  of  plating  prior  to  processing  parts.  Pinto 
each  load  of  panels  at  150  ampa.  Allow  panels  to  complete  tin  plating 
process  to  obtain  s  soldar  test  sample.  Plat*  each  load  of  pencils  in 
solder  tank  at  90  amps. 

MOTE i  Keep  the  filtering  systams  running  at  nil  times  on  the  plating 
tanks. 
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FIGURE  II 

USED  FOR  ALL  PROGRAMS  EXCEPT  COPPER  FLASH 


■  ■ 

u 

u 

u 

u 

U 

Kfl 

u 

■u 

Hi! 

Kfi 

HH 

m 

■u 

HE 

gg 

HH. 

Sh 

■ 

hi 

m 

Ml 

Si 

Ml 

Hi 

■H 

■n 

Hi 

HI 

Hi 

Hi 

HI 

Hi 

HI 

HI 

Hi 

■| 

Hi 

IH 

Kfl 

Kfl 

Kfl 

s:;ss 

Kfl 

HI 

Kfl 

HI 

Kfl 

s 

Kfl 

HI 

Kfl 

hh 

Kfl 

Hi 

Kfl 

HI 

Kfl 

wm 

fm 

Hi 

■HI 

mum 

m 

El 

■1 

Kfl 

IH 

Kfl 

■H 

Kfl 

HI 

Kfl 

Hi 

Kfl 

Hi 

Kfl 

Hi 

Kfl 

wm 

HI 

Hflfl 

Kfl 

El 

Hi 

■K 

IH 

■■ 

■H 

■H 

Kfl 

Kfl 

Hi 

HI 

HI 

HH 

Hi 

mm 

Ml 

HH 

■  !■■■ 

■■1 

HI 

U 

Kfl 

HI 

HI 

Hi 

HI 

Hi 

HI 

Efl 

Kfl 

Hi 

HI 

Hi 

mm 

m 

HI 

■Ml 

■HU 

Hi 

Hi 

HI 

Kfl 

*1 

■H 

Hi 

Hi 

HH 

HI 

HI 

n 

HI 

IH 

HI 

■5 

■E|KflMfl 

Hi 

Hi 

Ml 

HI 

Hi 

HI 

Kfl 

Kfl 

HI 

HH 

HI 

Hi 

Hi 

Efl 

Kfl 

HI 

■■ 

■H 

X  INDICATES  CAM  ACTIVATED 


FIGURE  12 

USED  ONLY  FOR  COPPER  FLASH 
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6.92.1  Solutions  Damineralized/Deionized  Water 

6.92.1.1  Locations  Central  Plant  System.  Tanka  located 

underground,  (outaida)  East  Side  Bldg.  8( 
A*  7  • 

6.92.1.2  Tank  Capacity!  two  tanka,  10,000  gal.  each. 

6.92.1.3  Source  of  Watan  Deionizing  Syatara  (H-57875) . 

6.92.1.4  Teat  Frequency!  weekly  for  conductivity 

monthly  for  aolide 

6.92.1.5  Procaea  Control  Limits 

Conductivity  (Barnetead  Meter)  3  ppm  max ,  meaaurod 

aa  NaCl 

♦Total  Solida  (Excluding  Refractory)  10  ppm  max. 

6.92.1.6  Specification  Limits 

Conductivity  (Barnetead  Meter)  10  ppm  max.  measured 
,  ,  ,  ■  aa  Nad 

♦Total  Solida  (Excluding  Refractory)  16  ppm  max. 


•Refractory  aolida  aro  collodial-aized  particlea  of  fused 
minerals  such  aa  silica.  The  refractory  properties  shall 
tested  by  ignition  of  evaporative  residues  at  1100*  to  1  200T 
(593*  to  649*C) . 
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6.157.1.1  Location!  Etched  Circuitry  \utomatic  Copper/Soldor  plating 
Lina,  Stations  14  and  45  (T-203514) .  Column  B-9 

6.157.1.2  Tank  Capacity!  350  gallons 

6.157.1.3  Makeups  Boric  Acid  (MRO  45-0075)  -  55  lbs. 

Lead  Fluoborate  (51%)  (MRO  45-1585)  -  160  lbs. 

Stannous  Fluoborate  (51%)  (MRO  45-24.10)  -  400  lbs. 

Fluoboric  Acid  (48%)  (MRO  45-0095)  -  90  gallons 
Peptone  Solution  (Stabilized)  (MRO  45- 02 501) -6  gallons 
Water,  Deionized  -  Balance 

Anodes  -  60/40  Solder  (MRO  45-2602) 

Operating  Level;  Five  to  seven  inches  from  top  of  tank. 

Dissolve  55  lbs.  of  boric  acid  in  hot  deionized  water  (30-40 
gallons) .  Fill  plating  tank  1/3  full  with  deionized  water 
and  while  stirring  add  the  boric  acid  solution.  Add  Lead 
Fluoborato  (160  lbs.)  and  stir .  Add  Fluoboric  Acid  (90  gals.) 
and  stir.  Add  Stannous  Fluoborate  and  stir.  Md  stabilized 
Peptone  Solution  and  stir.  Add  anodes.  Fill  to  six  inches 
from  top  with  doionized  water  and  stir  thoroughly. 

ESS:  Protective  clothing  must  be  worn  to  protect  skin  and 
eyes  from  contact  with  makeup  chemicals. 

6.157.1.4  Analysis  Frequency:  Weekly 

6.157.1.5  Process  Control  Limits1. 

1.  pH  0.50  max.  Do  not  test  with  glass  electrodes. 

2.  Stannous  Tin  24-32  gm/1 

3.  Lead  12-18  gm/1 

4.  t'tcv  P'luoLnr  1  c  Acid  IHO-im  gm/1 

5.  Percent  of  Tin  in  deposit  60-70% 
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Higgs 

(£ZXE>  Doric  Acid  concentration  in  solution  is  to  ba 
msintsinad  by  hanging  a  porous  inart  anode  bag 
containing  boric  acid  in  tank.  Refill  bag  with 
boric  acid  as  required. 


6.157,1.6  Specification  Limits! 


1 .  pH  no  greater  than  0.50. 

2.  Stannous  Tin 

3.  Lead 

4.  Fluoboric  Acid 

5.  Percent  of  tin  in  daposit 


22-34  gm/1 
10-20  <yn/l 
160-350  gm/1 
50-70* 


6.157.1.7  Operating  Conditions: 


Agitation  -  Mild  (no  air  agitation) .  Use  filter  for 
agitation. 


6.157.1.8  Renewed.  Frequency!  Only  by  direction  of  Process  Engineering. 


6.157.1.9  Carbon  Treatment:  ' 

1.  Solution  shall  be  carbon  treated  every  (2)  months. 

2.  Operator  shall  add  five  !5)  gallons  of  Peptone  to  the 
beth  when  taken  off  carbon  treatment. 

3.  A  Hull  Cell  test  will  be  performed  and  further  additions 
shall  be  based  on  the  results. 

4.  Tht  Process  Control  Lab  shell  maintain  a  log  and  inform 
the  Process  aran  in  the  normal  manner  when  the  solution 
should  be  carbon  treated. 


6.157.1.10  Solution  Additions: 


Tht  Process  control  Lab  shall  add  one  (1)  gallon  of  Peptone 
each  Monday  at  the  beginning  of  first  shift,  maintain  a  log 
of  additions  and  notify  ths  Process  Area  in  the  accepted  manner 
whan  additions  must  bs  made.  \ 


6.157.2  Additional  Tests: 

.6.157,2.1  Process  Control  Lab  will  run  Hull  Coll  tests  on  Monday  and 
Thursday  at  the  beginning  of  first  shift.  Additions  of 
Peptone  will  be  based  on  tha  standard  Hull  Cell. 

6.157.2.2  Percent  Tin: 

Solder  plated  panels  will  be  provided  to  the  Process  Control 
Lab  once  each  v*jck  for  determination  of  \  tin  in  solder  plate. 
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6.216.1  Solutions  Acid  Fluoboric,  Pickle 


6.216.1.1.  Location:  Etchod  Circuitry  Automatic  Copper/Solder 
*  Lina,  Station  #6  T-203514 


6.216.1.2 

6.216.1.3 


Tank  Capacity:  110  Gallons 

Makeup:  Fluoboric  Acid  (48%) 
MRQ  15-0095 

Water,  Deionized 


22  Gallons 
Balance 


6.216.1.4 

6.216.1.5 

6.216.1.6 
6.216.1.7 


Operating  Level  -  Five  to  seven  inches  from  top 
of  tank.  Fill  tank  1/2  full  with  deionized  water, 
Very  carefully  add  22  gallons  of  Fluoboric  Acid 
while  sti-rring.  Fill  to  six  inches  from  top  with 
deionized  water.  Stir  thoroughly. 

Analysis  Frequency:  Weekly 


Process  Control  Limit: 

Specification  Limit: 
Renewal  Frequency: 


Fluoboric  Acid  - 
130  to  180  gms/1 

110  to  190  gms/1 


Renew  the  solution  every  four  weeks  or  sooner  if 
requested  by  Process  Engineering.  The  Process 
Control  Lab  shall  maintain  a  log  and  inform  the 
Process  area  in  the  normal  manner  when  the  solution 
must  be  removed. 
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To  Revise  Para.  6.155,1,3 


c ,-yA^r. 

R.C.  Johnson 


2/19/79 


6,155.1  Solution:  Acid  Fluoboric,  Pickle 

6.155.1.1  Location:  Etched  Circuitry  Automatic  Copper/Solder 
'  Plating  Line,  Station  IB  T-203514. 

6.155.1.2  Tank  Capacity:  110  Gallons 

5. 155. 1.3  Makeup:  Fluoboric  Acid  (48%)  MRO  #5-0095  11  Gallon, 

Water,  Deionized  Balance 

Operating  Level  -  Five  to  seven  inches  from  top 
of  tank. 

Fill  tank  1/2  full  with  deionized  water.  Very 
carefully  add  11  gallons  of  Fluoboric  Acid  while 
stirring.  Fill  to  six  inches  from  top  with  deionized 
water.  Stir  thoroughly. 

Note:  Protective  clothing  must  be  worn  to  protect 
skin  and  eyes  from  contact  with  makeup  chemicals. 

5.155.1.4  Analysis  Frequency:  Weekly 

6.155.1.5  Process  Control  Limit:  Fluoboric  Acid  45.0  to 
75.0  gms/1. 

6.155.1.6  Specification  Limit:  35.0  to  85.0  gms/1. 

6.155.1.7  Renewal  Frequency: 

Renew  the  solution  every  four  weeks  or  sooner  if 
requested  by  Process  Engineering.  The  Process 
Control  Lab.  shall  maintain  a  log  and  inform  the 
Process  area  in  the  normal  manner  when  the  solution 
must  be  renewed. 
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REVISE  Para.  6.154.1.4 

R.C.  Johnson 

Solution:  Alkaline  Clean. 

6.154.1.1  Location:  Etched  Circuitry  Automatic  Copper/Solder 
Plating  Line#  Station  #9,  T-203514 

6.154.1.2  Tank  Capacity:  110  Gallons 

6.154.1.3  Makeup:  Aldet  69  Lbs.  (MRO  #5-0668} 

Tap  Water  Balance 

Fill  tank  1/2  full  with  deionized  water.  Add  69 
lbs.  of  Aldet  metal  cleaner  while  stirring.  Fill 
to  1  to  3  inches  from  top  of  tank  with  deionized 
water  and  stir  thoroughly. 

NOTE :  Protective  clothing  must  be  worn  to  protect 

skin  and  eyes  from  contact  with  makeup. — 
chemicals.  JP  .  /••»  ' 

i35'T  ■■ 

6.154.1.4  Operating  Temperature:  1-1 0 0 y  *  III'1-/* 


6.154.1.4  Operating  Temperatu 

6.154.1.5  Analysis  Frequency: 


Weekly 


6.154.1.6  Process  Control  Limit:  Aldet  8-11  oz./gal. 


6.154.1.7  Specification  Limit 

6.154.1.8  Renewal  Frequency: 


Aldet  7-12  oz./gal. 


Renewal  Frequency:  Drain,  clean  tank,  and  renew 

monthly . 


MANUFACTURING  PROCEDURE  - 


a-  sr 


161 


PROCESS  SOLUTION,  MAKEUP  AND  CONTROL 


MP 


309/161 


1 

1  MV  wT» 

y.  m  sot  a  v 

8,  0A’« 

E 

QHANCE  PARAGRAPH  6.158.1.3,  6.158.1.4 

d,fZ.  Qti*J  <*■...  7jt  )(i I 
C.R.  DUNHAM 

7-13-81 

Ji 

2  0 

• 

IWP1 

iTT 

t|.  BA  f  1 

mm 

i». 

19.  OAT* 

6.168.1  Solution)  Etch,  Copper 

6.158.1.1  Location!  Etchod  Circuitry  Automatic  Copper/Solder 
Plating  Lina,  Station  K12  (T-203514 ) .  Column  B-9 

6.158.1.2  'Working  Capacity.  110  Gallon* 


6.158.1.3  Makeups  Metex  FTH  Etch  G-2  (MFO  #5-2373)  130  lbs. 

Water,  Deionized.  Balance 

Operating  Level  -  five  to  seven  inches  from  top  of 
tank. 

Fill  tank  Ij  full  of  deionized  water.  Add  130  lbs.  of 
Metex  PTH  Etch  G-2  while  stirring.  Fill  to  six  inches 
from  top  with  deionized  water  and  stir  thoroughly. 

NOTE:  Protective  clothing  must  be  worn  to  protect  skin 
and  eyes  from  contact  with  rmkeup  chemicals. 


6.158.1.4  Analysis  Frequency!  Qnee  the  first  wealr 
and  cvqrv  t'nq  weeks  thereafter.  NOME. 

»i  150.1".  5  PjLuueaa-gontroi  L^iiiL.  QD-t30Vactriv«ry  ofi-Metex-PTH — 
'  -Sfceh  C  3. 


OrliS-.T-.V 


•Bpccrfeeagran-L-inatT — 79— 1-SQn.  activity-of  •  Metex-PTH- 
-snch.s-s.. 


6.153.1.7 
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Renewal  Frequency’! 

Renew  the  solution  month^or  mo  re- frequently  if- cogue  stad 
by-Preoeas-ETtgineering.  The  Process  Control  Lab  shall 
maintain  a  leg  and  inform  the  process  area  in  the  normal 
manner  when  the  solution  must  be  renewed. 
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6.156.1  Solution:  Sulfuric  Acid,  Deoxidizer 
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s6fl56.1.1  Location:  Etched  Circuitry  Automatic  Copper/Solder 
Plating  Line,  Station  #14,  T-203514  (Col.  B-9) . 
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6.156.1.2  Tank  Capacity:  110  Gal. 

6.156.1.3  Makeup:  Sulfuric  Acid  (MRO  #5*0220) 

Water 


13  gallons 
Balance 


Operating  Level  -  Five  to  seven  inches  from  top 

of  tank. 

Fill  tank  1/2  full  with  deionized  water.  Carefully 
and  slowly  add  13  gallons  of  sulfuric  acid  while 
stirring  solution.  Fill  to  six  inches  from  top 
with  deionized  water  and  atir  thoroughly. 


Caution : 


Note : 


Addition  of  sulfuric  acid  to  water 
generates  considerable  heat..  Avoid 
splashing  and  too  rapid  addition. 

Protective  clothing  must  be  worn  to 
protect  skin  and  eyes  from  makeup 
chemicals . 


6.156.1.4  Analysis  Frequency: 


6.156.1.5  Process  Control  Limits 
140-220  gms/1 . 

6.156.1.6  Specification  Limits: 

6.156.1.7  Renewal  Frequency: 


Weekly 

Sulfuric  Acid 


120-240  gms/1 < 


Renew  the  solution  every  four  weeks,  or  sooner  if 
requested  by  Process  Engineering.  The  Process 
Control  Lab.  shall  maintain  a  log  and  inform  the 
Process  area  in  tho  normal  manner  when  the  solution 
must  be  renewed. 
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REVISION  OF  PARAGUAY  !T>  6.213.1 .  5,  o.?r>.  I  .5,  .  /’  /  v 

6.215.1.6,  6.215.1.7,  0.215.1.8,  .uni  <"•* •  Lm#.l***  •  ‘ 

6.215.1.9 


s wm 
mm 


C.R.  Dunham 


6.215.1  Solutions  Copper  Plate,  Acid 

6.215.1.1  Locations  Etched  Circuitry  Automatic  Copper/Solder 

Plating  Line,  Stations  16 -17;  18-19; 

21-22  and  23-24  (Colum  B-9) . 

6.215.1.2  Working  Capacity!  4  Tonka,  350  Gal.  each 

Operating  Laval  -  Fiva  to  savan  inches  from  top  of 
tank. 

Operating  Tamperatura  -  70-90°F. 

6.215.1.3  Makeup  of  each  tank: 

(3  Laa-Ronal  Coppar  Sulfate  Solution 

T,  IMRO  *5-23765  107  Gal. 

'  ''  Sulfuric  Acid 

{MRO  «-0210)  549  Lbs. 

3  Laa-Ronal  Coppar  Gloom  PCM 

(MRO  *5-02515  1.75  Gal. 

<  Hydrochloric  Acid 

)  '  (MHO  *5-0101)  300  ml 

*  Half  fill  the  tank  with  deionized  water.  Add  in 

I  order  while  tank  is  being  air  agitated:  107  gallons 

of  copper  sulfate  solution  and  slowly  with  caution 
I  549  lbs.  of  sulfuric  acid.  The  rate  of  addition 

of  the  sulfuric  acid  slould  be  such  that  the  solution 
temperature  does  not  exceed  120°F.  When  all  of  the 
sulfuric  acid  has  been  added,  allow  temperature  to 
cool  to  90°F.  Subsequently  add  300  ml  of  hydrochloric 
acid  and  1.75  gallons  of  copper  gleam  PCM.  Hang  copper 
anodes  in  tank.  Add  deionized  water  to  six  incites 
below  top  of  tank.  After  lj  hour  minimum  agitation, 
submit  sample  to  Procoss  Control  Laboratory  for  analysis, 
rxrnny  the  solution  for  4  hours  at  25  ASF  boforo  startup. 

£)C2£;  Addition  of  sulfuric  acid  is  acccmpaniod  by  con¬ 
siderable  evolution  of  neat.  Avoid  splashing; 
Partlow  tanpurature  controllers  will  not  tolerate 
a  temperature  in  excess  of  120°F.  Wear  goggles 
and  protective  clothing  during  makeup. 
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Periodic  Additions: 

The  Copper  Gleam  PCM  must  be  replenished  during 
operation,  txiring  normal  continuous  operation 
adcj.'Wfr  mis  to  each  tank  every  ♦  hour*.  Alter¬ 
nately  add  300  mis  per  every  1.000  amp-hours  of 
operation. 


6.215.1.5  Analysis  Frequency: 


1)  Copper  sulfate  and  sulfuric  acid  once  per  week 
when  in  use. 

2)  Chloride  every  Monday  and  Thursday. 

3)  Copper  Gleam  PCM  weekly  when  in  use  using  Hull 
Cell. 


6.215.1.6  Process  Control  Limits: 

1)  Cu.,  2.60  -  3.30  oz/gal 

2)  Sulfuric  Acid  (K-SO.) ,  23  -  27  oz/gal. 

3)  Chloride,  80-95  ppm 

4)  Copper  Gleam  PCM,  as  determined  by  Hull  Cell  test 

6.215.1.7  Specification  Limits: 

1)  Cu.,  2.3’.i  -3.60  oz/gal. 

2)  sulfuric  Acid  (H_SOJ,  22-28  oz/gal. 

3)  Chloride,  75-105  pprt 

4)  Copper  Gleam  PCM,  as  determined  by  Hull  Cell  test. 

6.215.1.8  Filtration  and  Carbon  Treatment: 

Solution  shall  bo  fiitored  continuously. 

Solution  shall  be  carton  treated  on  request 
by  Process  Engineering.  The  filter  elements 
(MRO  1*52-0790)  shall  be  replaced  every  month. 

Before  replacing  tha  filter  elements,  soak  tie 
elements  2-3  hours  in  hot  water  to  remove  sizing. 


6.215.1.9  The  lab  will  run  a  Hull  cell  test  on  the  copper 
bath  as  requested  by  the  Process  Engineer  or  if 
the  bath  is  down  for  a  48  hour  period  or  longer. 
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